[DESCRIPTION) [Title of Invention] PHOSPHOR SHEET, LED AND LIGHT EMITTING DEVICE
USING THE SAME AND METHOD FOR MANUFACTURING LED [Technical Field] [0001] The
present invention relates to a phosphor sheet for converting an emission wavelength of an LED chip.
[Background [0002] A light emitting diode (LED) is rapidly expanding its market for a backlight of a
liquid crystal display (LCD) and for lighting in automotive applications such as headlight because of a
low power consumption, a long life time and design against the background of significant improvement
in luminous efficacy. In the future, the LED is expected to form an enormous market also in the general
lighting fieldBé&auiserdfCa’ low environmental burden. [0003] An emission color of an LED is limited
since an emission spectrum of the LED depends on a semiconductor material for forming the LED
chip. Theréfore - in orlef tovebtairrbCD backlight or white light for general lighting by using an LED, it
is necessary that a phosphor suitable for an LED chip is arranged on the LED chip to convert an
emission wWHUEIBHGH. Spekificallyzla AiEthod ©F AidpdsSinplal GelldV phsphaiien ARt EDMhip to emit
blue light, a method of disposing a red phosphor and a green phosphor on an LED chip to emit blue
light, and awnethba b ol SPeRirghal teth T greencneEa blue phosphors on an LED chip to emit
ultraviolet light are proposed. Among these methods, the method of disposing a yellow phosphor on an
LED chip toremiirbiue: fight; and the method of disposing a red phosphor and a green phosphor on a
blue phosphor are currently most widely employed from the viewpoints of luminous efficacy and cost
standpointspafithe LED chip. [0004] For example, Patent Literatures 1 to 2 propose a method of
dispersing a phosphor in a liquid resin for encapsulating an LED chip as a specific method of disposing

a phosphor on an+t£D ghips Eleweyer svhensthe dispersion:of the phospherrin he iguidgesin is
nonuniform, color deviation is produced with respect to each chip. [0005]

converting an emission wavelength of an LED chip.

[Background Art]

[0002]

A light emitting diode {(LED} i1s rapidly expanding its
market for a backlight of a liguid crystal display (LCD) and
for lighting in automotive applicaticns such as headliight
because of a2 low power consumption, a long life time and design
against the background of significant improvement in luminous
efficacy. Inthe future, the LED is expected to forman enormous
market also in the general lighting field because of a low
environmental burden.

[0003]

An emission color of an LED is limited since an emission

spectrum of the LED depends on a semiconductor material for

forming the LED chip. Therefore, 1in order to obtain LCD

backlight or white l1ight for general lighting by using an LED,



Then, a method of using a sheet-like resin layer (phosphor sheet) in which a fluorescent material is
previously dispersed uniformly is proposed (for example, Patent Literatures 3 to B) . This method is
superior in that a constant amount of a phosphor can be more easily arranged on an LED chip than a
method of dispensing a liquid resin, in which a phosphor heretofore put to practical use is dispersed,
on an LED chip and curing the resin, and color and brightness of the resulting white LED can be
uniform. [Citation List] [Patent Literatures] [0006] [PTL 1] Japanese Patent Laid-open Publication No.

5-152609 [PTL 2] Japanese Patent Laid-open Publication No. 7-99345
it 18 necessary that a phosphor suitable for an LED chip is

arranged on the LED chip to convert an emission wavelength.
Specifically, a method of disposing a yellow phosphor on an LED
chip to emit biue light, a method of disposing a red phosphor
and a green phosphor on an LED chip to emit blue light, and a
method of dispesing a red, a green and a blue phosphors on an
LED chip to emit ultraviolet light are proposed. Among these
methods, the method of disposing a yellow phosphor on an LED
chip to emit blue light, and the method of disposing a red
phosphor and a green phosphor on a blue phosphor are currently
most widely employed from the viewpoints of luminous efficacy
and cost standpoints of the LED chip.
(60047

For example, Patent Literatures 1 to 2 propose a method
of dispersing a phosphor in a liquid resin for encapsulating
an LED chip as a specific method of disposing a phosphor on an
LED chip. However, when the dispersion of the phosphor in the
liquid resin is neonuniform, color deviation is produced with
respect to each chip.
[0005]

Then, amethod of using a sheet-like resin layer {phosphor
sheet) in which a fluorescent material is previously dispersed

uniformly is proposed (for example, Patent Literatures 3 to 8).



[PTL 3] Japanese Patent Publication'N0.4146406 [PTL 4] Japanese Patent Laid-open Publication
No. 2010-156528 [PTL 5] Japanese Patent Laid-open Publication No. 2009-235368 [PTL 6] Japanese
Patent Laid-open Publication No. 2010-123802 [PTL 7] Japanese Patent Publication No. 2011-102004
[PTL 8] Japanese Patent Laid-open Publication No. 2010-159411 [Summary of Invention] [Technical
Problem] [0007] In order to apply the LED to general lighting uses, it is required to sustain light
emitting of high brightness for a long time. Therefore, light resistance of withstanding long periods of
light emitting is required of an LED encapsulation material. However, when a conventional phosphor
sheet is uSéd asT@¥ LED efcapsdation matdrial tits lighie rdsistineadsnbt shfficient {0008] The
reason for this is probably as follows. In the case of a high-power LED which is preferably served for
general lightingausesy since asrated electricopoivenwhichii§ 8s darge ashk W ar meore@andse input,
luminous flux (a physical amount representing brightness of all light emitted from a light source to a
certain diréctigraris very high. dbhedefore ilightiquaritity (brightness)remitted-teamfa urit@iea increases.
When a phosphor-containing encapsulation material receives such light, the phosphor is
optically-degradedt sihce trystal defedtssaredferded avithim thesphesphoraardnctheiswfage=of the
phosphor. This causes brightness of an LED to be lowered. [0009]

resin, and color and brightness of the resulting white LED can

be uniform.
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[Summary of Invention]

[Technical Problem]

[0007]

In order to apply the LED te general lighting uses, it

is required tc sustain light emitting of high brightness for

a long time. Therefore, light resistance of withstanding long



The present inventors have made earnest investigations concerning light resistance of the phosphor
sheet, and consequently have found that it is important to raise a concentration of phosphor in the
phosphor sheet for preventing degradation of the phosphor sheet due to light generated from an LED
chip in order to improve light resistance of the phosphor sheet. [0010] On the other hand,
technology concerned with the phosphor sheet has the following problem. The method of bonding the
phosphor sheet to the LED chip is more excellent than the method of using a liquid phosphor resin in
that color and brightness are stabilized, as described above, but it is very difficult to form a resin
having phd2phofpartitted d&per&Sd-tHet8im drifdrREY ift6 A SHed IR BRIERGARTIOGE i flowability
of the phosphor particles in the resin liquid in a process of forming the resin into a sheet, thereby
improving fhRickAess URTSATIRY of WSHeét PP prépatad, it pratersditogdbiuced theSsarticle size
of the phosphor particles about below 1 1.111. However, a percentage of the surface defect increases
and lumino® éficaéyisaefridratad sethaieticla size bfthel phdspiioripaaeles is fedh@ded. Further,
since all of inorganic phosphors currently used in LED uses have very high hardness, it is difficult to
produce p&itiélés iawitg-adequately small particle size by pulverizing. Accordingly, in the phosphor
used in white LED uses, phosphor particles having a particle size of several jim to about 10 jim are
employed. [601XH ITherefore, it is required, of the phosphor sheet to be bonded to the LED chip, to
manufacture a sheet which has such large-sized phosphor particles uniformly dispersed therein and
whose thickness islimferaawhiie tontaining sachphospher partitles. imva highl cohtentratien. [0012]
However, conventional phosphor sheets for an LED are not adequately considered concerning such
problems, arfid a shéghhaving sucit a umiforh thHieknessfis nebiealized vadrder-todgmpeavel the flowabil
ty of a coating solution including dispersed particles, in general, it may be effective to add a small
amount of padictesrepctsbaying mdifferentpasticlel size rRor exanpleyitatentilsteraturerddiscloses
that silica fine particles are added to the phosphor sheet for the purpose of improving the strength of a
sheet. Wheyssuchy fing partielesaareraddeds therelism: pessibility that thelowability ehibe:coating
solution for preparing a phosphor sheet is improved and the thickness uniformity of the phosphor sheet
is improved; it othe athes hagd:the-additian impairs thedransparengy af the siliconeesin. When
silica or alumina differing in composition from the silicone resin is added to the silicone resin,

scattering ofdight£ay 9¢cuss t-deqrease;a tansmitiance orlighteand as aresyltywhep the phosphor

sheet is used as a wavelength conversion sheet of an LED element, there are problems that

brightness is.deteriprated or unavenLbrigpiness is generated. J0018] .. o view ofithe .

above-mentioned problems, it is an object of an embodiment of the present invention to provide a

sheet to be g lor anc o encansplatin materialand the ke, wich s gxaalpnt n gt esistance.

Further, it is an object of another embodiment of the present invention to provide a ph or sheet
which has pti%aé properties not imrpaired nd, which exhjbits, excellent thickness unifarmity even when
containing ?ajf e-size %ﬁ&sop?%?%arjﬁglgg %wlgé\?g cogr?c%%?r%ﬁéns. 3[§8|%t?orr¥ {0 5rlo§ee%nﬁc£ys

are formed within the phosphor or on the surface of the phosphor.
This causes brightness of an LED to be lowered.
pauacy

The present inventors have made earnest inves?igaﬁions
concerning light resistance of the phosphor sheet, and
consequently have found that it is important to raise a
concentraticon of phosphor in the phosphor sheet for preventing
degradation of the phosphor sheet due to light generated from

an LED chip in order to improve light resistance of the phosphor



[0014] An embodiment of the present invention is aimed at preventing the degradation of the
phosphor sheet due to light generated from an LED chip by increasing the content of the phosphor in
the phosphor sheet to a certain level or more. That is, one embodiment of the present invention
pertains to a phosphor sheet, wherein the content of a phosphor is 53 weight% or more of the entire
sheet. [0015] Further, another embodiment of the present invention pertains to a phosphor sheet
containing at least a silicone resin, a phosphor and silicone fine particles. [Advantageous Effects of
Invention] [0016]  In accordance with an embodiment of the present invention, a phosphor sheet
having exeéléertt light resistance can be provided. Further, in accordance with another embodiment of
the present invention, a phosphor sheet having excellent optical properties and a uniform thickness
while contairing phosphor particles in a high concentration can be obtained, and an LED light emitting
device of high quality, in which there are no irregularities of brightness and color, can be obtained

when the phospharsheet isctised lasraiwavelengib-convestng sheet of an LR elemeantdBrief
Description of Drawings] [0017] [Fig. 1] Fig. 1 is a schematic view showing an example of an LED

chip of a fip.ebip type. [Figs 2fo11digngissa sehematic view shewing arrexampleref amlED chip of a
face up type. [Fig. 3] .

phosphor sheet tO'theiLED<:hip is more excellent than the method
of using a liquid phosphor resin in that color and brightness
are stabilized, as described above, but it is very difficult
to form a resin having phosphoer particles dispersed therein
unifeormly into a sheet. In order to improve the flowability
of the phosphor particles in the resin ligquid in a process of
forming the resin into a sheet, thereby improving the thickness
uniformity of a sheet to be prepared, it is preferred to reduce
the parficle size of the phosphor particles about below 1 um.
However,'a percentage of the surface defect increases and
luminous efficacy 1s detericrated as the particle size of the
phosphor particles is reduced. Further, since all of inorganic
phosphors currently used in LED uses have very high hardness,
it is difficult to produce particles having adecguately small
particle size by pulverizing. Accordingly, in the phosphor
used in white LED uses, phosphor particles having a particle
size of several pm to about 10 pm are employed.

[G011]

Therefore, it 1s required, of the phosphor sheet to be



Fig. 3 is a schematic view showing an example of an LED chip of a face up type. [Description of
Embodiments] [0018] In the present invention, a phosphor sheet refers to a sheet containing a
phosphor and a resin. [0019] First, light resistance will be described. The light resistance refers to
resistance to light generated from an LED chip. The light resistance can be evaluated through
reduction in brightness in continuously lighting the LED. [0020] The degradation of an LED is
caused since crystal defects are gradually formed within the phosphor or on the surface of the

phosphor by light emitted from an LED chip, and therefore the phosphor is optically-degraded.
Particularly> f: fiehigh-po\er EB O-fok e neralliyhiifg tisesesmcelthe L BD £Rlp has higieiuminous flux
and high brightness, the light degradation of the phosphor is severe, and a life of the LED is a large
problem. [0021% OnelanBadinenh oftive preseht hientiohperiaimstoer ot mbdreokthe entire sheet.
Further, the content of a phosphor is preferably 57 weight% or more, and more preferably 60 weight%
or more of tHeéntiré sheét 4¥ken.the wohtfentof & phdsphorin thephasphorcsheasit issgétaxithin the
above range, the light resistance of the sheet can be enhanced. In addition, an upper limit of the
content of @phbsptierss ot pahticularlycspetifieda biitthe content of a phosphor is preferably 95
weight% or less, more preferably 90 weight% or less, furthermore preferably 85 weight% or less, and
particularly igréfezably 80 weight% or less of the entire sheet from the viewpoint of easy production of a
sheet which is excellent in workability [0022] The content of the phosphor in the phosphor sheet of

the present inventigio canaiso berdetermined fromasplepared sheet o anskEDrlight-emitting device
having the sheet mounted thereon. For example, it is possible to distinguish a resin portion from a

phosphor patticie peodion eleady by aerbedding a:phespbarsheatdn ad@sin, sutting the esin, polishing
the resulting cross-section to prepare a sample, and observing an exposed cross-section with a

scanning elecioRgniciescepe (SEMrtis pessibledoimeasure carrectlya voiume ratio- of the

phosphor particles in the entire sheet from an area ratio of particle images in the cross-section. When

specific graviigsRfa resid  flowability of a coating solution including
dispersed particles, in general, it may be effective to add a
small amount of particles each having a different particle size.
For example, Patent Literature 8 discloses that silica fine
particles are added to the phosphor sheet for the purpose of
improving the strength of a sheet. When such fine particles
are added, there is a pessibility that the flowability of the
coating solution for preparing a phosphor sheet is improved and
the thickness uniformity of the phosphor sheet is improved, but
on the cther hand, the addition impairs the transparency of the
silicone resin. When silica or alumina differing in
composition from the silicone resin is added to the silicone
resin, scattering of light. ray occurs to decrease a

transmittance of light, and as a result, when the phosphor sheet

is used as a wavelength conversion sheet of an LED element, there



and a phosphor which compose a sheet are apparent, a weight ratio of the phosphor in the sheet can
be calculated by dividing the volume ratio by each specific gravity. When the composition of the resin
and the phosphor is not apparent, their composition can be determined by analyzing the cross-section
of the phosphor sheet with high resolution micro-infrared spectroscopy or IPC emission spectrometry.
When the composition is apparent, since substance-specific specific gravities of the resin and the
phosphor can be estimated with a considerable accuracy, a weight ratio can be determined using this
estimation. Further, in the case of the LED light emitting device having the phosphor sheet mounted
thereon, aawesighp ratiolefithe iigsphdrin tie-pkespharsshest ttanimerdetermined byrdisassembling the
LED light emitting device, taking out the phosphor sheet portion, and observing a cross-section by the
same technigug: Bveaavhien gehargingdatio at the time of preparing a phosphor sheet is not ‘
apparent, by the above-mentioned technique and method or other known analysis method, the weight
ratio of the{plidsjphor in the phosphor sheet can be confirmed from a prepared sheet and an LED light
emitting device having the sheet mounted thereon. [0023] The phosphor sheet of the present
invention is particularly preferablhused darsusesaf aswdnge epvenof the: LED as desaibed in detail
later. In this case, since the content of the phosphor in the sheet is in the above-mentioned range, an

LED light erniting cleviceiexdibiting exgellentpestormance canhe ebtained; [0024] snEhe phosphor
sheet of the present invention has excellent light resistance even when its thickness is large because it

contains adarge ameunt of a:phosphor QR the gtheshand. from the viewpoint ef.enhancing the heat

resistance of the sheet, the thickness of the sheet is preferably 200 Rm or less, more preferably 100

Rm or less, @'&%ﬁ@é@@@rﬁﬂ%ﬁ'@%@% jm-aress. [082p] » o » CQPPSItIoN and g proguction
method of the phosphor sheet of the present invention will be described below. The phosphor sheet of
the present.i ion ' incipally o] resi hosphor sheet of the present
invention %ﬁ%%gin%%%%%%%nﬁs g;p %q%%%oé.é?gfg%]ﬁgﬁggg%% v '}gﬁeggﬁggph%r absorbs
light emitt ip,.converts the wavelength of the light and emits light different in
waveleng%q}ggr‘gi%ﬁe?ﬁlaﬁtg gﬁh@ﬁé&i&% ﬁ%&é&% a%gﬁpg E}Lg Sen%ﬁdéd from reeﬁEf)n(%ﬂp is mixed
with a part of.light emitted from the phosphar tq pbtajn an LED of multi-color including a white color.
SpecificalI‘i’/?ﬁ:%f/:q%pti%%{tlﬁ);h }g(%r% iniﬁﬁcgetﬁfgri%chva %%%%Eph%rn whith emifs Iiaﬁf2 8fy fiWish emission
colors by I(i%htgrom the LE?, it is possible to emit white light by using a single LED chip. [0027]

The phosphot deserbed abseEincititas VarisUs SHosphor S Slichias-& hosphor Bmitfitg Green light, a
phosphor emitting blue light, a phosphor emitting yellow light, a phosphor emitting red light and the
like. Specfﬁ@%&%ﬁﬁ@gb%fhe phosphor used in the present invention include known phosphors such
as inorganic phosphors, organic phosphors, fluorescent pigments and fluorescent dyes. Examples of
the organi¢ PhoephSrs ihluBié Ay Rifoamide-melamineformaldehyde co-condensation dyes and
perylene phosphors, and the perylene phosphors are preferably used since they can be used for the
long term. THelfldorescent substance particularly preferably used in the present invention includes

inorganic phosphors. Hereinafter, the inorganic phosphor used in the present Invention will be
described. An embodiment of the present invention is aimed at

preventing the degradation of the phosphor sheet due to light

generated from an LED chip by increasing the content of the

phosphor in the phosphor sheet to a certain level or more. That

is, one embodiment of the present invention pertains to a
| phosphor sheet, wherein the content of a phosphor is 53 weight%

or more of the entire sheet.

[0015]

Further, another embodiment of the present invention



[0028] Examples of the phosphor emitting green light include SrAl204:-u, Y2S105:Ce,Th,
MgA111019:Ce,Th, Sr7A112026:Eu, and (at least one of Mg, Ca, Sr and Ra)Ga2S4:Eu. [0029]
Examples of the phosphor emitting blue light include Sr5(P0O4)3C1:Eu, (SrCaBa)5(P0O4)3CL1:Eu,
(EaCa)5(P0O4)3C1:Eu, (at least one of Mg, Ca, Sr and Ba)28509C1:Eu,Mn, and (at least one of Mg,
Ca, Srand Ea) (PO4)6C12:Eu,Mn. [0030] Examples of a phosphor emitting green-yellow light
include an yttrium-aluminum oxide phosphor activated with at least cerium, an
yttrium-gadolinium-aluminum oxide phosphor activated with at least cerium, an
yttrium-alupsimtimigarnetoxide iphespkar adtivated-with at feasgcetiurh¢and an silicone
yttrium-gallium-aluminum oxide phosphor activated with at least cerium (so-called YAG-based
phosphor) r&péecificallyp hn3mbo12 R (L reisldtdeast onenselected frobe among Y, Gd and La, M
includes at least either Al or Ca, and R is a lanthanoid-based phosphor) and
(Y1-xGax)3oAiy&ayys0l2 R Rris@t deast aneveelected from among Ce, Th, Pr, Sm, Eu, Dy and Ho,
and 0 <x<0.5,0<y<0.5) can be used. [0031] Examples of the phosphor emitting red light
include Y2028:R, La202S:Eu, Y203:Eu, and Gd202S:Eu. [0032] Further, examples of the
phosphor emitting light compatible with a blue LED which is currently mainstream include YAG-based

phosphors such as,Ya3-(A-Gan €€ W Ys Seh3IAES0 2nze, bu3ALISQE2ECerand YaAL30d2;Ce;
TAG-based phosphors such as Th3A13012:Ce,; silicate-based phosphors such as (Ba, Sr)23104:Eu

phosphor, 9a35¢23i8012: e ahespheyand (SkBa.1Mg) 25104 EuRhosphar fitriderbased phosphors
such as (Ca, Sr)2SI3N8:Eu, (Ca, S )AISIN3:Eu and CaSIiA1N3:Eu; oxynitride-based phosphors such

as Cax (Si w24@O:N) 16 Ewand phosphars-such-as (BaSh &3 mi202NR R ment of
phosphor,0a8Mg3i4016012:Eu phosphor, SrAI204:Eu, and Sr4A114025:Eu.
the present invention, a phospher sheet having excellent
optical properties and a uniform thickness while containing
phosphor‘pérticles in a high concentration can be obtained, and
an LED light emitting device of high guality, in which there
are no irregularities of brightness and color, can be cbtained
when the phosphoer sheet is used as a wavelength-converting sheet
of an LED element.
[Brief Description of Drawings]
[0017)
[Fig. 1]
Fig. 1 is a schematic view showing an example of an LED
chip of a flip chip type.
[Fig. 2]
Fig. 2 is a schematic view showing an example of an LED

cnip of & face up type.



[0033] Among these phosphors, YAG-based phosphors, TAG-based phosphors and
silicate-based phosphors are preferably used from the viewpoints of luminous efficacy and brightness.
[0034] Known phosphors other than the above phosphors can be used according to uses or a
desired emission color. [ 035] As the phosphor, a particulate phosphor can be preferably used.
An average particle size of the phosphor is not particularly limited, but a particle size in which 050 is
0.05 pm or more is preferred, and a particle size in which 050 is 3 p.m or more is more preferred.
Further, a particle size in which 050 is 30 pin or less is preferred, and a particle size in which 050 is 20
pm or less is more pféferted SHRréiR RheSrede ftinveAtion dhamavetage partidie sizdfefers to a
median size, namely, 050. 050 of the phosphor contained in the phosphor sheet is measured by a
method in&Hieh ffeasufedimaiges-of® sheet cross-section by scanning electron microscope (SEM)
are processed by an image analyzer to determine a particle size distribution, and a particle size at
which the ¢Gardativetpercentipdssimgfiownthe smaller particle-size side in the volume based particle
size distribution obtained by measuring reaches 50% is determined as a median size 050. The value
of 050 detéfiiked by this method is smaller than the value obtained by directly observing a phosphor
powder, but the average particle size of particles of the phosphor in the present invention is defined as
the value determirfed by the>abewermentioned imeasuremrent mhethod N\Aden-@5@ isswithinahe above
range, dispersibility of the phosphor in the phosphor sheet is good, and stable light emitting is
achieved. §6@36] corlo=addition, thereasenarvhyihe value ©f 850 is smaller than the value obtained by
directly observing a phosphor powder is that a diameter is correctly measured when directly
observing,;a powper, but a phosphor particle is not necessarily cut along its equatorial plane when a
cross-section of a phosphor sheet is measured. Assuming that the phosphor particle is spherical and
the particle is cut alopg-an arbigtary lacationsit-apparent giameterds theoretically. 78.5%, of a true
diameter (corresponding to a ratio of an area of a circle with a diameter of 1 to an area of a square

with a side-g£ 1} Since.the. phosphor paicle isnot a yuesspheredn praetice.he apparept diameter is

empirically about 70 to 85% of a true diameter. [0037] (ReSin) The resin used in the present

invention s fesinfgiecontaing A nRaspiar erei, %ﬁm@d%IlOLrggéﬁ%gnﬁgg%%Ofdi“g'w any

resin maybe employed as the resin as long as it allows the phosphor to be Uni Ispersed therein

and can farm a sheet. Specific e &1& sin i % de a silicone.resin, an epoxy resin, a
polyallylate resin, g PET %(:)d}ﬁjed po ygﬁy%t%g%gn%r}é ol;/lc%?bgr%laete%%gh (PC), cyclic olefin, a
polyethyleﬂ&? phthalate resin (PET), a polymethylmethacrylate resin (PMMA), a polypropylene resin
(PP), modified acryl (Sunduren manufactured by Kanegafuchi Chemical Industry Co., Ltd.), a

olystyrene resin (PE), and an, . .
polystyre € '(_"Fl)le)’c%gradatlon of an LED is caused since crystal defects

are gradually formed within the phosphor or on the surface of
the phosphor by light emitted from an LED chip, and therefore
the phospher 1s optically-degraded. Particularly, in the
high-power LED for general lighting uses, since the LED chip
has high luminous flux and high brightness, the light
degradation of the phosphor is severe, and a l1ife of the LED
iz a large problem.
[00213

One embodiment of the present invention pertains to a

phosphor sheet, wherein the content of a phosphor is 53 weight$



acrylonitrile-styrene copolymer resin (AS). In the present invention, the silicone resin or the epoxy
resin is preferably used from the viewpoint of transparency. Furthermore, the silicone resin is
particularly preferably used from the viewpoint of heat resistance. [0038] As the silicone resin
used in the present invention, a curable silicone rubber is preferred. Any liquid form of a
one-component liquid form and two-component liquid form (three-component liquid form) may be
employed. A type of the curable silicone rubber includes a type in which a condensation reaction
occurs by moisture in the air or a catalyst, and this type includes a dealcoholizat on type, a
deoximatiohtyper arPdcEhie fuid eNmiRBRGT type, ahehe Ry dFdxy aniHecdlimifationtypehR ¥ype in
which a hydros lylat'on reaction occurs by a catalyst includes an addition reaction type. Any of these
types of cutablersiicorecrib Fet s/ may ies use diRzaticalatiyiareadditionmreactohGypeisiidone rubber is
more preferred in that a by-product associated with a curing reaction is not produced, shrinkage by
curing is srmall Fandecgring: ban be teasily aceeleratéthisy: hedting: §0039]tThef additibn spaction type
silicone rubber is formed, as an example, by a hydrosilylation reaction of a compound containing an
alkenyl groip ¢duplett wdthha siliEbastonswithta wd ripound eo rtaomrg ashydrogehatbdimbaund to a
silicon atom. Examples of the resin materials described above include compounds formed by a
hydrosilylatiess freactionofe compeire cortainiag anhalkemd groip balttid: tooa silicomatoent, such as
vinyltrimethoxysilane,vinyltriethoxysilane, al lyltrimethoxysilane,propenyltrimethoxysi lane,

norbornenyltiethoxysitareand:(@ctesy irimethoxysitane with gLopipaunshaontairing ﬁi@tﬂxbgen
atom bound to a silicon atom,suchasmethylhydrogenpolysiloxane,

dimethylpolysiloxane-CQ:methylhydrogenpolysilaxans;ethylhydrogenpelysjloxaneand. s s,
methylhydrogenpolysiloxane-CO-methylphenylpolysiloxane. Further, other materials, for example,

known maigHals describedin Japangsedratens kaidsapen Rublication,Ne. 2010=159411, ¢an be

utilized. [0040] Further, as commercialized products, it is also possible to use a general-use

silicone encapsyiatiop mategial f%@%@%équﬁq xarapies 9f SUCh @R engapsulation.material
include OE-6630 A/B and OE-6336 A manufacture by Dow Corning Toray Co., Ltd. and SCR-1012

A/B and SGR- %éﬁ%uﬁ%@dﬁ%m the viewpoint of easy production of
a sheet which is excellent in workability
[0022]

The content of the phospher in the phosphor sheet of the
present invention can alsc be determined from a prepared sheet
or an LED light emitting device having the sheet mounted thereon.
For example, it is possible to distinguish a resin portion from
a phosphor particle portion clearly by embeddiﬁg a phosphor
Shegt in a resin, cutting the resin, polishing the resulting
cross—-section to prepare a sample, and observing an exposed
cross—-section with a scanning electron microscope (SEM). It
is possible to measure correctly a volume ratio of the phosphor
particles in the entire sheet from an area ratio of particle

images in the cress-section. When specificgravitiesof aresin
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Shin-Etsu Chemical Co., Ltd. [0041] In the silicone resin composition for preparing a phosphor
sheet of the present invention, a hydrosilylation retarder such as acetylene alcohol is preferably
blended as the additional component in order to inhibit curing at room temperature, thereby
lengthening the pot life. Also, fine particles such as fumed silica, glass powder or quartz powder, an
inorganic filler such as titanium oxide, zirconia oxide, barium titanate or zinc oxide, a pigment, a flame
retardant, a heat resistant, an antioxidant, a dispersing agent, a solvent, or a tackifier such as a silane
coupling agent or a titanium coupling agent may be blended, as required, to the extent of not impairing
the effectsdfitifelpresantanventich. (0042) sspartiogiar. iisy eferedwatda potydiethyisiloxane
component having a low molecular weight, silicone oil, or the like to a silicone resin composition for
preparing @fphidsphorshipkofront thé: vieviygsint wfthesurfateismosttinegsdifthe phgspher sheet.
Such a component is preferably added in an amount of 100 to 2000 ppm, and more preferably in an

- amount o500l QOO pmayitle aespent ¢a thel weight of the.entiltescompesitiong o [0043pn  In
forming the phosphor sheet, a resin liquid containing a phosphor of a material for forming a phosphor
sheet is first prepared: iHowveverh wien thehconeentrationoof:the iphpsphet particles 4n theskesin liquid is
high, the flowability of the resin liquid is made poor. Thereby, the distribution of phosphor particles in

the resulting phesphaesheat becomesaionniforan and acoading wperation isopsirucind because of
poor flowability and therefore thickness is nonuniform. When the distribution of phosphor particles and

the thickness=are nerunifargm baghiness andwe: edlorohwhite light oka Hightemiiting deyige using an
ultimate LED are nonuniform. In accordance with the present invention, by containing silicone

particles, theiflowahilitispba resindguid is Si@ﬂ@iﬁarﬂ%im@%@ﬁ@i@%”%é“%ﬁ%%@ uniformity of

the resulting phosphor sheet is largely improved. [0044] Further, another embodiment of the

present inyention pertains te & phaspher sheetcontaining a silicone resing aphosphor ang silicone fine

particles. Here, the same materials as in the above description are preferably used for the silicone

resin and %pggmoél%g%aigmga@ggim gag@ﬁgﬂggﬁé%ggefggg%%g Fgch{j\g?{er to raise the

concentration of the phosphor in the phosphor sheet. [0045] silicone t icfes contained

e e e S s e sl

a method of hydrolyzing 80 efdangsiiang sych s qraanclrialkoxysiiane, groancdialkoxysilane,
sheet mcunted thereon, a weight ratio of the phosphor in the
phosphor sheet can be determined by disassembling the LED light
emitting deﬁice, taking out the phosphor sheet portion, and
observing a cross-~section by the same technigue. Even when a
charging ratio at the time of preparing a phosphor sheet is not
apparent, by the above-mentioned technigque and methed or other
known.ahaiysis method, the weight ratio of the phosphor in the
phosphor sheet can be confirmed from a prepared sheet and an
LED light emitting device having the sheet mounted thereon.
[06023]

The phosphor sheet of the present invention is

particularly preferably used for uses of a surface cover of the
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organotriacetoxysilane, organodiacetoxysilane, organotrioximesilane, organodioximesilane or the like,
and then condensing the resulting hydrolysate. [0046] As the organotrialkoxysilane,
methyltrimethoxysilane, methyltriethoxysilane, methyltri- -propoxysilane, methyltri-i-butoxysilane,
methylt -t-butoxysilane, n-propyltrimethoxysilane, n-butyltributoxysilane, s-butyltributoxysilane,
methyltri-n-propoxysilane, methyltri-n-butoxysilane, methyltri-s-butoxysilane, ethyltrimethoxysilane,
I-propyltrimethoxysilane, i-butyltributoxysilane, t-butyltributoxysilane,

N-j3aminoethyl)y-aminopr %Egtrlmethox Iane

y-glycidoxygropyifinitRexysigne viny éﬂﬂox}ﬁF&ﬁ%; phéRylfriéthERydHané ZasdEthe ke are
exemplified.
content of the phosphor in the sheet is in the above-~mentioned

range, an LED light emitting device exhibiting excellent
performance can be obtained.
[0024]

The phosphor sheet of the present inventiﬁnzhas excellent
light resistance even when its thickness i1g large because it
contains a large amount of a phosphor. ©On the other hand, from
the viewpoiht of enhancing the heat resistance of the sheet,
the thickness of the sheet is preferably 200 pum or less, more

preferably 100 pym or less, and furthermocre preferably 50 pm or

less.
[0025]

Composition and a production method of the phosphor sheet
of the present invention will be described below. The phosphor
sheet of the present invention contains principally a phosphor
and a resin. The phosphor sheetf of the present invention may
contaln other components as required.

[C026]

{Phosphoxn)

The phosphor absorbs light emitted from the LED chip,
converts the wavelength of the light and emits light different

in wavelength from the light of the LED chip. Thereby, a part

12



[0047] As the organodialkoxysilane, dimethyldimethoxysilane,
dimethyldiethoxysilane,methylethyldimethoxysilane, methylethyldiethoxysilane,diethyldiethoxysilane,
diethyldimethoxysilane, 3-aminopropylmethyldiethoxysilane, '
N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane, N-(2-am
oethyl)-3-aminoisobutylmethyldimethoxysilane, N-ethylaminoisobutylmethyldiethoxysilane,
(phenylaminomethyl)methyldimethoxysilane, vinylmethyldiethoxysilane, and the like are exemplified.
[0048] As the organotriacetoxysilane, methyltriacetoxysilane, ethyltriacetoxysilane,
vinyltriacetdxysifahe, sibtthedikerare ekenighificdj0049] nixad wictorganodiacefoxysilahe,
dimethyldiacetoxysilane, methylethyldiacetoxysilane,vinylmethyldiacetoxysilane,
vinylethyldiagdtos ¥ sifarer afidh thedikesgrecexeplifiédt. §00503 :Asii@orgahotriokimesitaner
methyltrismethylethylketoximesilane, vinyltrismethylethylketoximesilane, are exemplified, and as
theorganotlicximasitane, winethy lethidbismethylethiiketdxime sitlare; andzhé Jikecareiexemsplified.
[0051] Such patrticles can be obtained by using a method described in Japanese Patent Laid-open
Publicatioa Nol 63- 7734 0va mhethoddesgribed indapaneseiRatentilcaid-opén Pablicatios:No.
6-248081, a method described in Japanese Patent Laid-open Publication No. 2003-342370, a method
describeddn Japanese Fatent kaidiopen:-PabkcationeNnz4-88022; orihe ke 1Alsooadnethod of
obtaining particles by adding an organosilane such as

white light by using a single LED chip.

[0G27]

The phosphor described above includes various phogphors

such as a phosphor emitting green light, a phosphor emitting

blue light, a phesphor emitting yellow light, a phosphor

emitting red light and the like. Specific examples of the

phosphor used in the present invention include known phosphors

such as inorganic phosphors, organic phosphors, fluorescent

pigments and fluocrescent dyes. Exampies of the organic

phosphors include allylsulfoamide-melamineformaldehyde

co-condensation dyes and perylene phesphors, and the perylene

phosphors are preferably used since they can be used for the

long term. The fluorescent substance particularly preferably

used in the present invention includes inorganic phosphors.

Hereinafter, the inorganic phospheor used in the present

invention will be described.

[0oz8]

Examples of the phosphor emitting green light include
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organotrialkoxysilane,organodialkoxysilane, organotriacetoxysilane,organodiacetoxysilane,
organotrioximesilane, or organodioximesilane, and/or a partial hydrolysate thereof to an aqueous alkali
solution and hydrolyzing and condensing the organosilane and/or the partial hydrolysate, a method of
obtaining particles by adding an organosilane and/or a partial hydrolysate thereof to water or an acidic
solution, hydrolyzing the organosilane and/or the partial hydrolysate to obtain a partial condensate and
adding alkali to allow a condensation reaction to proceed, and a method of obtaining particles by
arranging an organosilane and/or a hydrolysate thereof in an upper layer and alkali or a mixed liquid of
allali and SO GG SONGHENGE IiiariRyed Sebetiely: Brdthy GroNindpblycbmdatiiig the
organosilane and/orthehydrolysateintheinterfacebetweentheupperlayer andthelowerlayerareknown,
andinanymé%%l%ﬁﬂ@@eﬁ\étﬂ‘&s, tfe particRusedifIne present invention can be prepared. [0052]
Among these methods, the silicone particles, which are obtained by a method of adding a polymeric
dispersing 4gé&rto a reaction solution as described in Japanese Patent Laid-open Publication No.
2003-342370, are preferably used when the organosilane and/or the partial hydrolysate is
hydrolyzed/conden3&@praditeSphéfigal Wrgaidpoly siisésduitxanefite partidles.00533]de  Also, in
the production of the particles, silicone particles, which are produced by hydrolyzing/condensing an
organosilarie-anifor aplarfial hydiolysalie the iof) addingthe éFgei) lanCanaldr:the partiat hydrolysate
to an aqueous acidic solution in the presence of a polymeric dispersing agent and a salt, which
function as‘eeprotective cdlldid inGasoRert to lstaik Chydrolysate, ardaddirng akatitoallew a
condensation reaction to proceed, can be used. [0054] Any of a synthetic polymer and a natural
polymer canibelgsedas the patyinérc dispersing,agentas.long as it is a water-soluble polymer, and
functions as a protective colloid in a solvent, and specific examples of the polymeric dispersing agent
include polyvinyalcohol, polyvinylpyrrolidone, and the like. As a method of adding a polymeric
dispersing agent, a method of adding a polymeric dispersing agent to a starting reaction solution in
advance, a method:efzadslirg:a palyraerigrdispeising agenttiogetherwith agorganotrialkpxysilane
and/or a partial hydrolysate thereof, and a method of hydrolyzing and partially condensing an

organotrialkexysilare andiara-partiakhysrolysate theseobandadding.a-pelymetie dispersing agent to
the organotrialkoxysilane and/or the partial hydrolysate can be exemplified, and any of these methods

maybe selected,Herer anamaunt of the added palymeric.dispersing agent isipreferably.in.a range of 5
x 10-7 to 5 x 10-2 parts by weight with respect to 1 part by weight of the reaction liquid. When the

~amount of theqolymeric dispersing agentds within this range, cohesipn betwegn the padicles hardly

takes place. [0055] An organic substituent contained in the silicone fine particles preferably

includes a methyl rayp apd a-phenyl droup,And aJgiractive index of the siligone fing particles can be
adjusted by adjusting the contents of these substituents. When
yttrium-gallium-aluminum oxide phosphor activated with at
least cerium (so-called YAG-based phosphor). Specifically,
InsMs0:ztR {(Ln is at least one selected from among Y, Gd and La,
M includes at least either Al or Ca, and R is a lanthanoid-based
phosphor) and (Y1.xGay)3(Al1yGay)s012: R (R is at least one
selected from among Ce, Tb, Pr, Sm, Eu, Dy and Heo, and 0 < x
- < 0.5, 0 <y < 0.5) can be used.
[0031}

Examples cof the phosphor emitting red light include

Y-0:5:8u, La0:5:8Bu, Y:0::Eu, and Gd;0:8:FEu.,
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light passing through the silicone resin serving as a binder resin is intended to be used without
scattering in order to avoid the reduction of brightness of an LED light emitting device, a refractive
index difference between a refractive index dl of the silicone fine particles and a refractive index d2 of
components other than the silicone particles and the phosphor is preferably small. The refractive index
difference between a refractive index dl of the silicone particles and a refractive index d2 of
components other than the silicone particles and the phosphor is preferably less than 0.10, and more
preferably 0.03 or less. When the refractive index is controlled within this range,reflection and
scattering 6A%Ae interface between the silicone particles and the silicone composition is reduced, the
high transparency and light transmittance are achieved, and the brightness of the LED light emitting
device is not reducéd: f0656] exMpasaemerd ofithe refractiehindex ésperfamsed Lsigan Abbe
refractometer, a Pulfrich refractometer, a dipping refractometer, a dipping method, or a minimum
deviation argie atethde. Howewer lthe Abberefractometer ie usefukia meastising the-refrastive index of
the silicone composition, and the dipping method is useful in measuring the refractive index of the
silicone pafficlesa {05 fho s plh tscalseupassibiertoad)ystthecrefraetjve index diffetenceday changing
the quantitative ratio of materials constituting the silicone particles as a means for controlling the
refractive indexidifference. Ihat isy far example; it isnossibia:to obtai gHew sefragtive index close to
1.4 by adjusting the mixing ratio of the raw materials, that is, methyltrialkoxysilane and
phenyltriatkexysilane: @ag inereasingthe constitent ratio-of thednethy! giaup,,and o, the contrary, it is
possible to obtain a relatively high refractive index by increasing the constituent ratio of the phenyl

group. [005BL sprhéythe presentinuentionean guerggeparticle size of the siligonedine particles is

represented by a median size (D50), and with respect to a lower limit of the average particle size, the

average parisle.size Js prefaraly 9,01 aumat suore. 2gd mose peclergbly 405 R gr mare. Further,

with respect to an upper limit of the average particle size, the average patticle size is préjferably 2.0 jim
or less, ancmots pRTSARN P ghise. Whefihe-aueraqe pailiae si2s R DOLRI N re, [t s easy
to manufacture particles having a controlled par?ic e size, nd when the averaéje parr’ficfé Size is 2.0 jim

or less, optical praperties_qof gg[ p}gg hgr sheet are excellent. Further, when the ayerage particle size
is 0.01 pm or more and 2.% p¢n or Iesi?ztﬁ%’sg‘ elc?t'agfulmproavl?r?g tHe fiowa Cfllrtf‘/ of gt%g\én ligdid for

manufacturj hasphar sheet is adequately achieved. Eurther, monodispersed patrticles of
true-spheréwf%gfr%%rg%%%%%gﬁ % U@eld . %ht%sépé%ént if}c(\%ér@{ﬁ)énﬁﬂéﬁgyéfgdje pAHIGRREISE that is, the
median sié%QS ). and the ?\%ic;lfzus_ize distribution of the silicone fine particles can be measured
through obsérvation uy SEN Mz uré%?%‘a%%s by SEM are processed by an image analyzer to
determine rticle size distribution, and a particle size at which the cumulative percent passing from
the smallef%%?t%le-size side in the patrticle size distribution obtained by measuring reaches 50% is
determined as a median size D50. According to this method, it is also possible that as with the method
of determining an 2VeFe P fiEe RSB Siicone Fie patier sthermsBrRES, afférdolamgch phosphor
sheet containing silicone particles, a cross-section of the sheet is observed by SEM to determine a
particle siz&'@sHIEDR OftAé LitieBRE TheTRMteleas ane BeparfclrsiZe artwhick Hss cUrmalative
percent passing from the smaller particle-size side in the volume based particle size distribution
obtained By*MeBsEHiEG tébches B0k s Heterminetias a inedidn lsizeab$0e Adso in this case, as with
the phosphor particles, the average particle size of the silicone fine particles determined from the
SEM imagéss¥4he cross-section of the phosphor sheet is theoretically 78.5% of a true average
particle size, and actually about 70% to 85% of the true average patrticle size. [0059] The content
of the silicone finekparticlgs isgreferabiy i part hyrwelghtoromerehangmare peafesablys2parts by
weight or more with respect to 100 parts by weight of the silicone resin. Also, the content of the
silicone fire:partidiesds preferaisly 20 partsdsyi weightat kessoandmoee-preferably 10 parts by weight or
less with respect to 100 parts by weight of the silicone resin. When the phosphor sheet contains the
silicone fingparticles in an amount of 1 part by weight or more, the particularly excellent effect of
stabilizing phosphor dispersion is achieved, and on the other hand, when the phosphor sheet contains
the silicone fine particles:ipen=ameunt of 20rparts:by weighterless, viscosity.of-a siligane, composition
is not excessively increased. [0060] It is a more preferable embodiment of the present invention
that the cendeat. of therphasihorartislesdn the phosphor sheegticontaining g silicone rgsip, a phosphor

and
particularly limited, but a particle size in which D50 is 0.05
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silicone fine particles is 53 weight% or more of the entire phosphor sheet. The content of the phosphor
particles is preferably 57 weight% or more, and more preferably 60 weight% or more of the entire
phosphor sheet. Also, an upper limit of the content of the phosphor particles is not particularly limited,
but the content is preferably 95 weight% or less, more preferably 90 weight% or less, furthermore
preferably 85 weight% or less, and particularly preferably 80 weight% or less of the entire phosphor
sheet. [0061] Moreover, the contents which are common to the phosphor sheet in general of the
present invention will be described below. [0062] The thickness of the phosphor sheet of the
present inyention refers to @ thickhess ¢averagd thickaess)measured actordingito JF8 Kiz130 (1999)
"Plastics - Film and sheeting - Determination of thickness by mechanical scanning (A)". Further, the
thickness i3 axpressenblry:avalue obtained by reundingariiimber belowrthedéns sinlessiotherwise
specified. [0063] The environment of the LED is an environment in which a large amount of heat is
generated-im acsmalbspace, Ehdupatticulatysini thepoastof imchigharotver 2R thedtegenieration is
remarkable. A temperature of the phosphor is raised by such heat generation and hence the
luminance ©f the, LED isTedueed.cTheretore] i issimportant doye torketease. theigenragrmaied heat with
efficiency. In the present invention, a sheet having excellent heat resistance can be attained by setting
a thickness ptasheetto-therakovermentioned sarge deurtherswhes the sheetthickness \aries, there
are differences in the amount of the phosphor among the LED chips, and consequently variations in
emission speatrum (coter, teraperaiyrey Arightness cehramatisibymie causeta Aceardinghs & sheet
thickness variation is preferably within a range of plus or minus 5%, and more preferably within a
range of plus & mipus3%e In addition; the ghegtdhickness vatiation:referediie hereimiscdetermined
by measuring a thickness according to JIS K 7130 (1999) "Plastics - Film and sheeting - Determination
of thickness by, megehanicabscanning ¢, BRdcaleuiating drom thefollowing egquglionsO64]

More specifically, using measurement conditions of "Determination of thickness by mechanical

scanning (A) . 3:thickness ismeasured with.a cogynerciglly availahlg micromater.such asa contact

type thickness measurement apparatus, a difference between a maximum value or a minimum value

and the avesge.hiakpess of ihed esuling ickness. calaared, A a falio sxpresseda percentage

of the calculated value divided by the average thickness is a thickness variation B (%). [0065]

Thickness variation B (%) = Em ' ick iagion* - avera ickness)/ayerage thickness}

x 100 3\% %cr%%n;(inéuar%stﬁ% ngxséwgiﬁgn%n?gg %ggd\élf?grge%Eég\?n%h%ité%kﬁgiébgweeng’[he

maximum valfe anqothe averagg .vaiue, and bgtw en. E)he minimum valueda%d the ayerage value, a
VO icle’size distri Y MeastrIng

larger differerice is Setec gdPa gtlonoptalne

reaches 50% is determined as a median size D50. The wvalue of
D50 determined by this method is smaller than the value cbhbtained
by directly obsérving a phesphor powder, but the average
particle size of particles of the phosphor in the present
invention 1s defined as the value determined Dby the
above-mentioned measurement method. When D30 i1s within the
above range, dispersibility of the phosphor in the phosphor
sheet is good, and stable light emitting is achileved.

[0036]

In addition, the reason why the value of D50 is smaller

than the value obtained by directly observing a phosphor powder
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[0066] (Preparation Method of Sheet) A method for preparing a phosphor sheet of the present
invention will be described. In addition, the following description is just an example, and the method for
preparing a phosphor sheet is not limited to this. First, a solution in which a phosphor is dispersed in a
resin (hereinafter, referred to as a "resin solution for preparing a sheet") is prepared as a coating
solution for forming a sheet. The resin solution for preparing a sheet is obtained by mixing a phosphor
and a resin in an appropriate solvent. In the case of using an addition reaction type silicone resin, a
curing reaction can be initiated even at room temperature if a compound containing an alkenyl group
coupled with &lsHlieancHteReEis et Withra ebripoend conainingrachydrsgery arbmecolipter with a
silicon atom. Then, a hydrosilylation retarder such as an acetylene compound can also be further
compounded withghe resin solitionforpreparinged sheet tw éxtertes poat lifey Itisalsd pogsible to mix
a dispersing agent or a leveling agent for stabilizing a coating film as an additive, or an adhesion aid
such as a silanexouapling agepfasa modifier of aoshreet sutface in the resinsatutiorsfosqreparing a
sheet. Further, it is also possible to mix silicone fine particles or other inorganic particles such as silica
or alumina i tlesresiresolutivafompreparingratdheain@O67br padheénikisineeessary @ add a solvent
in order to adjust viscosity, a type of the solvent is not particularly limited as long as it can adjust the
viscosity ofradfluentresine Examples:of thersalvent include deluene smethykbethylkketone, taethyl isobutyl
ketone, hexane, heptane, cyclohexane, acetone, terpineol, butyl carbitol, butyl carbitol acetate, glyme,

diglyme aag the-bke: [0068]et o rTheserermpenants are biended sorasito-have a predatermined
composition, and then the resulting mixture is uniformly mixed/dispersed with a mixer/kneader such

as a homogenizer 3 sotation-revalution 1aixer, &340k millrasball mill..a.planetaryiballonilkor a beads
mill to obtain a resin solution for preparing a sheet. After mixing/dispersing, or in the process of

mixing/dispersing, deagration js.alsg preferablyperiormed in a vacuum or under,a reduced pressure.

[0069] Next, the resin solution for preparing a sheet is applied onto a substrate, and dried. The

applicatiop can peperformed by psing.a,reverse. [0l coater, a blade coater. g siif dig seater, a direct
gravure coater, an offset gravure coater, a reverse roll coater, a blade coater, a kiss coater, screen
printing, airgatlé@é Egh%%ait% agxc%i[lll)éni%ccg%teé, Y ro&l fblgdet?%te&,i%ﬁg%cci%%r roll blade coater, a two
stream coater, a rod coater, a wire bar coater, a coating applicator, a dip coater, a curtain coater, a
spin coatec:O%B gg'fe coater, In order to achieve uniformity of the thickness of the sheet, the resin
solution for preparing a sheet is preferably applied with a slit die coater. Further, the phosphor sheet of
the present inventign can also be prepared by using a printing method such as screen printing,

.. esing, . . . . .. .
gravure printing, pianogra hic printing or the like. Particularly, screen printing is preferably used.
[0070] As the substrate to be used for preparation. of a sheet, known metal , film, glass, ceramic,

paper or the like canhe" GSed: S5tific-Bxamples st I8 subBraRinalidds plafé& Bra foifHf metal such

as aluminum (including aluminum alloy), zinc, copper and iron; a film made of plastic such as cellulose

acetate, pﬁ%ww%%ﬁﬁﬁéﬁf@@%ﬁ%%@ymﬁ‘é plyarmie, pulyithiae tpolystyrene,
polypropylene, polycarbonate, polyvinyl acetal, aramid and polyphenylene sulfide; and paper having
plastic (pahFEtRyIERE IgalyprdpyIeRe LpbRistrese SoPtherke) damiistedtfiére ot paPer oated with
plastic (polyethylene, polypropylene, polystyrene, or the like), paper or a plastic film having the
above-mehtioféd fittallafniratetthefedrroraperidepasitedIhe icons Atdritthese matérials, a PET
film is preferred from the viewpoint of economic efficiency and handling. When an elevated
temperatu¥@is reeiired irsbasig a sk afpolyiniaatiig s preférred fromithe Viewpoiat of heat
resistance. The substrate may be previously subjected to release treatment of a surface for ease of
releasing a sheetFurthes, wher thessubstrate isla metabplate; e phate sudade: may BESubjected to
chrome-or nickel-plating or ceramic treatment. [0071]
modifiedpolyallylate resin, a polycarbonate resin (PC}, cyclic

olefin, a polyethylene terephthalate resin (PET), a
polymethylimethacrylate resin (PMMA}, a polypropylene resin
(PP), medified acryl {Sunduren manufactured by Kanegafuchi

Chemical Industry Co., Ltd.), a polystyrene resin (PE), and an
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The thickness of the substrate is not particularly limited; but a lower limit is preferably 40 pm or more,
and more preferably 60 pm or more. Also, an upper limit is preferably 5000 pm or less, and more
preferably 3000 pm or less. [0072] A sheet can be dried by using a common heating apparatus
such as a hot air drier, an infrared drier or the like. A common heating apparatus such as a hot air
drier, an infrared drier or the like is used for thermally curing the sheet. In this case, thermally curing is
usually performed under the conditions of a temperature of 40 to 250C and a heating time of 1 minute
to 5 hours, and preferably under the conditions of a temperature of 100C to 200C and a heating time
of 2 minutes6Y3-RBArST (00733 LY r M Bred3nrel sEIsiveeadiiesivESayer hfay e dizpes&d dn the sheet
in order to enhance the adhesive property to an LED chip. A material of the pressure sensitive
adhesive lay&res hooparticufary frited cang examplesthepasfncireieicormmonr allsbertbased,
acryl-based, urethane-based, and silicone-based pressure sensitive adhesives. Any pressure sensitive
adhesive miaytié Usedrbtihthe silone-based prassure semsitivey adhésive Issusefukas dpeessure
sensitive adhesive suitable for heat resistance, an insulating property and transparency. [0074]

The protectivé filemeay bedisposed qgratheishebt.vA materiaf efthielprotecta filha ésanot particularly
limited, and examples thereof include a film made of plastic such as cellulose acetate, polyethylene te
ephthalate (RPEfycpolyethylene apolyestes trolyamide, polyimide, polystyrene, polypropylene,
polycarbonate, polyvinyl acetal, aramid and polyphenylene sulfide; and paper having plastic
(polyethylenegpalypropylene, polystyrene, and the like) laminated thereon or paper coated with plastic
(polyethylene, polypropylene, polystyrene, or the like), and paper or a plastic film having the
above-mentioned metal faminatad-theseer of vaperdepeositetkthereen Hurtherctheipratective film may
be subjected to releasing treatment by a known release agent such as a silicone-based release agent
or a fluoring:baseddelease agent. {0072]r 1 AR LER-ehipd0 whigh the phesphesshestotthe present
invention can be applied includes a face up type LED chip and a flip chip type LED chip, and
particularlypreferahleonsiie a flipehip type L&D chip. The flip Ghin be:LEDichin fasdhigh luminous
efficacy and a high heat-releasing property. Accordingly, it becomes easy to prepare a high-power

LED having excellent lightresistance;for generallighting uses. by graploying e phggphgr.sheet of the

present invention. [0076 A method for manufacturing an LED light emitting device by using the

Phosphor sheel gt the prasest invention wil e deseribed, ln. addiian dha felloniag deserption is Just

an example, and the manufacturing method is not limitedto this description. When the phosphor sheet

of the present.invention is applied to the flip chip t LED chip, first, the phosphor sheet.is formed into
2 smal chip i SonfBrmty 15 2’528 oF thS LED chib. Formation jtd & SimallEhi CAh e hormed by
dicing. When the phosphor sheet has a pratective, film, the phosphor sheet may be formed into a small
chi aiter pEU g TG LyaEette M. 6C By B o HBC RS A SATCb (ogattbr Wiibme Brotective
film. [0077] Next, aftgr §§elin a protective film if avin#r‘éggl §rotective film, the sheet formed into a
small chip 8¥5orded (o' stirfale (BlteSapling Surtacs) éh i0& ¥PPoLite 0-tHe St having an
electrode formed thereon of the LED chip. At this time, the phosphor sheet may be in a semi-cured

state or may?B& prediot €N TurBd it 1€ BréterEdT8 U A AdiEsive fEBoREing PHOSPHBY sheet, and

known die bonding agents or adhesives, such as acrylic resin-based, epoxy resin-based,
catalyst includes an addition reaction type. Anyof these types

of curable silicone rubbers may be used. Particularly, an
addition reaction type silicone rubber ismore preferred in that
a by—product assoclated with a curing reaction is not produced,
shrinkage by curing is small, and curing can be easily
accelerated by heating.

[0039]

The addition reaction type silicene rubber is formed, as
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urethane resin-based, silicone resin-based, modified silicone resin-based, phenol resin-based,
polyimide-based, polyvinyl alcohol-based, polymethacrylate resin-based, melamine resin-based and
urea resin-based adhesives, can be used. When the phosphor sheet has a pressure sensitive
adhesive, the phosphor sheet may use the pressure sensitive adhesive for bonding. When the
phosphor sheet is a semi-cured sheet, curing by heating may be employed. Further, when the
phosphor sheet has a thermosoftening property after curing, the phosphor sheet can also be bonded
by thermal fusion bonding. [00781 Thereafter, an electrode of the LED chip is electrically
connectedb £RFERE Srcirélit Toard8 khowWhahdthod, ERRithtis A light emitfiiBEWEE can be
attained. When the LED chip has an electrode on a side of a light emitting surface side, the LED chip
is fixed totRE Eitétit DEafT by &8 Pondiiymatstiat with thelight efditihgSurfdeefacéd apward, and
then the electrode on the top surface of the LED chip is connected to the wire of the circuit board by
wire bondi @ FRthEISWHERtthe LEDY chip ¥$1a 3 ehiptypelin wiich ar efectioeerpad fsn -
disposedonthe surface opposite to the light emitting surface, an electrode surface of the LED chip is
opposed thamwifsof eie ciregit boRdandesrnactéd todke wiredmrigangdondihg c JGOZI) When
the phosphor sheet is bonded to the LED chip in a semi-cured state, the semi-cured phosphor sheet
can be curetraba prefefredtimingybefore or aftérl this:électricateormectiont For exampleydvhen the flip
chip type LED chip is bonded by thermocompression bonding in bonding the LED chip by gang
bonding thephesphorsheet midehe simuktanedushyncured ky this heating. feurtherwheaa package, in
which the LED chip is connected to the circuit board, is surface mounted on a larger circuit board, by
solder reflou; fhe phosphor:sheel sy, be cured concurrently withsotdering: {3080] 1 andVhen the
phosphor sheet is bonded to the LED chip in a cured state, it is not necessary to provide a curing

process after bondingdhe sheetitosthe LED chip. The case wheie the phesphorsheet isshonded to the
LED chip.in a cured state corresponds to the case where a cured phosphor sheet has an adhesive

layer sepayately or the,case whera thesphesphor sheet hasthernpal adhesiveness after curing. [0081]

The phosphor sheet may also serve as an encapsulation material of the LED chip, and the LED chip

having the; phasphershest-bonded theretg can ﬁ@@ﬁ@i@ﬂhﬂwﬁe%@%b& using @known

silicone resin as a transparent encapsulation material. Further, after the LED chip is encapsulated with

a transpageggzgpcapsuIati%nug;@terial, the.phosphor sg%ecthc)gm@ag Qﬁ&%@fﬂé@f@% ghgapsulation
material for use. [0082] When the phosphor sheet is applied to the face tp type LED chip, as with

the above ' ipti e pho is for intQ a,small chip, and then the
RLIaned deseription, the phospnar sheetis d inf 2y P,

phosphor sheet fo%ngedglgto a sm%‘tlll ch[\?p is?[%ond%dﬁ t% ancgutc%upl nglsﬁ%agcnegéf the LED chip. When

the phospeh,gl,q sggletﬁ's ina senii-qu{Ed state, the sheet is cured after bonding the sheet. Here, in the

face up type R f:p?%% east bRe eléctrode is formed on the outcoupling surface, and efectrical

continuity is obtained, from the electrade by wire bonding as described later, Therefore, the phosphor
sheet is bon géfalik?l g&&(}g%}%&tﬁhﬁ?é 653 gpar(t)o?]ﬁw%hg’lg&%&lé] |isp CK|c9()ss](:\g:if.3%@%ic“’rhatter of course,

G
ex
the phosphor s£eet maé e bonded to onl¥ an o%tcoupling art. In this case, the phosphor sheet can
be patterriett s6'88 to eXpose a pHtt 6f the dlectrode. [O@%@F‘ple’ known = materials

described in Japanese Patent Laid-open Publication No.
2010-159411, can be utilized.
{0040}

Further, as commercializea'products, it is also possible
touse a general-use silicone encapsulationmaterial for an LED.
Specific examples.of such an encapsulation material include
CE-6630 A/B and 0E~6336 A/B manufactured by Dow Corning Toray

Ce., Ltd. and SCR~1012 A/B and SCR-1016 A/B manufactured by
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Thereatfter, the surface opposite to the outcoupling surface of the LED chip is fixed to the circuit board,
and the LED chip is electrically connected to the circuit board by a known method such as wire
bonding, and thus a light emitting device can be obtained. [0084] As other modification example, a
phosphor sheet formed into a small chip may be bonded to the LED chip mounted on a substrate. On
the contrary, a plurality of LED chips are bonded to the phosphor sheet, and then the sheet maybe cut
into small chips for every LED chip with a sheet by dicing the LED chip. Further, a phosphor sheet not
formed into a small chip is bonded to a semiconductor wafer on which LED chips are made, and then
the semicondubior WaferaHd thefphd<phor §Réet can also be collectively singulated (diced). [0085]

A light emitting device, to which an LED chip obtained by using the phosphor sheet of the present
invention céﬂ%@dpplied, is not particularly limited, and it can be widely applied to backlights for
displays used for TV set, personal computer, mobile phone, game machine, and the like, lighting in
automotive applicafiBns'sieh &< héaafight, 8Ragencralightingl Exafples[0o86jHa%inafter, the
present invention will be described in more detail by way of examples. However, the present invention
is not limitedtothBSE er@RplesC[DOBIE<MeasEietent b Avbrdye PartibledBizes 1 v1#ukpage particle
sizes of synthesized silicone fine particles and purchased phosphor particles were determined by
measuring 2eéressisectionlofs sapaple of eachlpldsphorsivest fyra séanhirerelectran friieroscope
(SEM) and calculating the measured image. The cross-section of the phosphor sheet was observed
with a scareninig. électron microscope:thighresohdtion fiekd emnission scamninghelectton microscope
S-4800 manufactured by Hitachi High-Technologies Corporation). The observed image was processed

and analyzedryyeusing an analysiss$oftware ¢lrhage: versicned. 2)to deteérmine Aipariicle thameter
distribution. A particle size at which the cumulative percent passing from the smaller particle-size side

in the partiglethidmetes distributionsierches:50% ayas tetesminedas a median:size H28={Q088]

an inorganic filler such as titanium oxide, zirconia oxide,
barium titanate or zinc oxide, a pigment, a flame retardant,

a heat resistant, anantioxidant, a dispersing agent, a solvent,

or a tackifier such as a silane coupling agent or a titanium
coupling agent may be blended, as required, to the extent of
not impairing the effects of the present invention.

[0042]

In particular, it is  preferred to add a
polydimethylsiloxane component having a low molecular weight,
silicone oil, or the like to a silicone resin composition for
preparing a phosphor sheet from the viewpoint of the surface
smoothness of the phosphor sheet. Such a component is
preferably added in an amount of 100 to 2000 ppm, and more
preferably in an amount of 500 to 1000 ppm with respect to the

welight of the entire compositions.
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<Measurement of Correlated Color Temperature and Brightness, and Light Resistance Test> An
electric current of 400 mA was applied to a light emitting device in which each phosphor sheet was
mounted on a blue LED element to light up an LED chip, and a correlated color temperature and
brightness were measured immediately after starting a test using an instantaneous multiple
photometric system (MCPD-3000, manufactured by Otsuka Electronics Co., Ltd.). One hundred LED
light emitting devices were prepared for every one kind of each phosphor sheet, an average value, a
maximum value and a minimum value of the 100 devices were determined, and variations were
calculated[@ftfévaluated from the following formulas. [0089] Correlated color temperature
variation (K) - correlated color temperature maximum deviation* - average correlated color
temperature As:afcorrelated: celorhemplratusé avaximumateliationywf ¢the differencesin the
correlated color temperature between the maximum value and the average value, and between the
minimum valklecarhthe avemgevalueaa |dgerdifferengedsseteqted. {0898k t i Birightaess variation
(cd/m2) = brightness maximum deviation* - average brightness As a brightness maximum
deviation, of e diffé rencéswe the prightaassbetweendhe maxirhom value and ghesayerage value, and
between the minimum value and the average value, a larger difference is selected. [0091]

Thereafter, £ach digbtemittinigedeviee wasileft standing with thenkED) ehiptit, brightagss alter a lapse of
300 hours was measured in the same manner, and brightness retention was calculated from the

following fegntila ta 1afe lightsresistanse gecording to thesfollowingcriteriar Fhisindigates hat when the
brightness retention is higher, the light resistance is more excellent. A device rated as rank B or higher

has no proflemstin pragciicak use; Andra devicertated as4ankAds sHReriarR pragticabises [0092]
Bright retention | (%) = (brightness after a lapse of 300 hours/brightness immediately after start of test)
x 100 (roynding.aft the:first decimal place) Suelention 9% or syure -ven: gogd in fight igsistance
poor flowability and therefore thickness is nonuniform. When
the distribution of phosphor particles and the thickness are
nonuniform, brightness and a color of white light of a light
emitting device using an ultimate LED are nonuniform. In
accordance with the present invention, by containing silicone
particles, the flowability of a resin liquid is significantly
improved and hence the thickness uniformity of the resulting
phosphor sheet is largely improved.
[00441
Further, another embodiment of the present invention
pertains to a phosphor sheet containing a silicone resin, a
phosphor and silicone fine particles. Here, the same materials
as in the above description are preferably used for the silicone

resin and the phosphor. Also, containing of the silicone

particles is very preferred in order to raise the concentration
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A: retention 90 to 94% - good light resistance B: retention 80 to 89% - no problem in practical use with
light resistance C: retention 50 to 79% - bad light resistance D: retention 49% or less - significantly bad
light resistance <Heat Resistance Test> An electric current was applied to a light emitting device
using each phosphor sheet so that a surface temperature of an LED is room temperature (25C) to
170C to light up an LED chip, and brightness was measured using an instantaneous multiple
photometric system (MCPD-3000, manufactured by Otsuka Electronics Co., Ltd.). The brightness was
measured when the LED surface temperature was room temperature (25C) and 170C, and brightness
retention was caltuI&tRa IR the follbin gt ARiL to fh€ Rieat resistance according to the following
criteria. This indicates that when the brightness retention is higher, the heat resistance is more
excellent. A dBdieé rated as rank B or higher has no problems in practical use, and a device rated as
rank A is superior in practical use. [0093] Bright retention Il (%) = (brightness at surface
temperature of 1708 forightriesadt stitfage temperatare 6frobmeprberatlrd250Y)) 0108 (rounding

off the first decimal place) S: retention 90% or more
sheet of the present inventiocn are preferably fine particles

made of a silicone resin and/or a silicone rubber. The
particularly preferable fine éarticles are silicone fine
particles obtained by a method of hydrolyzing an organosilane
such as ocrganotriaikoxysilane, organodialkoxysilane,
organotriacetoxysilane, organcdiacetoxysilane,
organotrioximesilane, organcdioximesilane or the like, and
then condensing the resulting hydrolysate.

[004¢6]

As the organotrialkcoxysilane, methyltrimethoxysilane,

methyltriethoxysilane, methyltri-n-propoxysilane,
methyitrimimpropoxysilang, methyltri-n-butoxysilane,
methyltri-i-butoxysilane, methyltri-s~-butoxysilane,
methyltri-t-butoxysilane, ethyltrimethoxysilane,
n-propylirimethoxysilane, i-propyltrimethoxysilane,
n-pbutyltributoxzysilane, i-butyltributoxysilane,
s-butyltributoxysilane, t-butyltributoxysilane,

N-B {aminocethyl)y-aminopropyltrimethoxysilane,
v—glycidoxypropyltrimethoxysilane, vinyltrimethoxysilane,

phenyltrimethoxysilane, and the like are exemplified.
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- very good in heat resistance A: retention 81 to 89% - good heat resistance B: heat retention
resistance 51 to 80% - no problem in practical use with C: retention 50% or less - bad heat resistance

[6c47]
As the organodialkoxysilane, dimethyldimethoxysilane,
dimethyldiethoxysilane, methylethyldimethoxysilane,

methylethyldiethoxysilane, diethyldiethoxysilane,
diethyldimethoxyéilane, 3-aminopropylmethyldiethoxysilane,
N—(2—aminoethyl)—3—éminopropylmethyldimethoxysilane,
N-(2-aminoethyl)~3-aminoisobutylmethyldimethoxysilane,
N-ethylaminoisobutylmethyldiethoxysilane,
(phenylaminomethyl)methyldimethoxysilane,
vinylmethyldiethoxysilane, and the like are exemplified.
[0048]

As the organctriacetoxysilane, methyltriacetoxysilane,
ethyltriacetoxysilane, vinyltriaceto%ysilane, and the like
are exemplified.

[0049]

As the organcodiacetoxysilane, dimethyldiacetoxysilane,
methylethyldiacetoxysilane, vinylmethyldiacetoxysilaﬁe,
vinylethyldiacetoxysilane, and the like are exemplified.
[0050]

As the crganctrioximesilane,
methyltrismethylethyiketoximesilane,
vinyltrismethylethylketoximesilane, are exemplified, and as

the organodicximesilane,
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[0094] <Measurement of Thickness> A thickness of a predetermined position of a mold release
PET film ("Cerapeel" BLK: manufactured by Toray'Advanced Film Co., Ltd.) for preparing a phosphor
sheet was previously measured with a micrometer, and the position was marked. After preparing the
phosphor sheet, the thickness of the marked position was measured again with a micrometer, and the
thickness of the phosphor sheet was obtained by subtracting the thickness of the mold release PET
film previously measured from the resulting thickness. The thickness was measured at 100 points
located at grid point spaced 10 mm apart in a sheet 110 rum square as a sample to determine a
maximum V4G }’é%gm%ﬁ@dﬁ&éﬁ%ﬁﬁg@9@@§b¥é§€h saifiple, Hiftl althieknesssvariation B
was calculated using the following formula. [0095] Thickness variation B (%) = {(maximum
thickness d&ifatioh* L e¥@rage thickness)/average thickness} x 100 As a maximum thickness
deviation, of the differences in the thickness between the maximum value and the average value, and
between theUinimum value and the average value, a larger difference is selected. [0096] (Synthesis
of Silicone Fine Particles) <Silicone Fine Particles 1> A 2-liter four-necked round flask was
equipped with a stifterrarthetmometer; arefiuxiiibe and b dropping funeeh & def:5%@mmonia
water containing 1 ppm of polyether-modified siloxane "BYK333" as a surfactant was put in the flask,
and the tempefatuee of thé ammonise waterpeasialseddn anwil Bath ehile7stitfingsat800.spm. After the
internal temperature reached 50C, 200 g of a mixture (23 mol% : 77 mol%) of methyltrimethoxysilane
and phenyhir ethoXysitane Wasadded deopwise from-a deopping fannel iovenadQ rairies) After
continuing to stir the resuLting mixture for 60 minutes at that temperature, about 5 g of acetic acid
(special gradeschiemicads)avdas-added, stipedeand maixed tand then filkered:600-mt ot water was added
twice to particles produced on a filter, 200 ml of methanol was added once to the particles and filtered,
and the partivtes-wersswashedrA cake ofetherfiltes vas takep mitpounded.down; and fregze-dried
over 10 hours to obtain 60 g of a white powder. The obtained particles were found to be
monodispersed sphericak fingparticles through ebservation by SEN.1A sefractive.indgx ofthe fine
particles was measured by a dipping method, and consequently the refractive index was 1.54. The
particles wersr ahsgrvgd y-a-¢rosszsectignal transmigsior, election-micrescopy (&), and
consequently it was verified that the particles have asingle structure therein. [0097] <Silicone Fine

Particles 22 qanotrialkoxysilane, organodialkexrysilane,

organotriabetoxysilane, . organodiacetoxysilane,
organotrioximesilane, or organodioximesilane, and/or a
partial hydrolysate thereof tc an agueous alkali solution.and
hydrolyzing and condensing the crganosilane and/or the partial
hydrolysate, a method of obtaining particles by adding an
organosilane and/or a partial hydrolysate thereof to water or
an acidic sclution, hydrolyzing the organosilane and/or the
partial hydrolysate tc obtain a partial condensate and adding
alkali to allcow a condensation reaction to proceed, and a method
of obtaining particles by arranging an @rganosilane and/or a
hydrolysate theréﬁf in an upper layver and alkall or a mixed

ligquid of alkali and an organic solvent in a lower layer
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A 2-liter four-necked round flask was equipped with a stirrer, a thermometer, a reflux tube and a
dropping funnel, 2 L of 2.5% ammonia water containing 7 ppm of polyether-modified siloxane
"BYK333" as a surfactant was put in the flask, and a temperature of the ammonia water was raised in
an oil bath while stirring at 300 rpm. After the internal temperature reached 50C, 200 g of a mixture (23
mol% : 77 mol%) of methyltrimethoxysilane and phenyltrimethoxysilane was added dropwise from a
dropping funnel over 30 minutes. After continuing to stir the resulting mixture for 60 minutes at that
temperature, about 5 g of acetic acid (special grade chemicals) was added, stirred andmixed, and then
filtered. 60T BRWaler waks addetitivies 16 partietesysroddead ona filter, 200 a1l ©f iethanol was
added once to'the particles and filtered, and the particles were washed. A cake on the filter was taken
out, poundetidowr; apd freeze-dred ovier TOhowrs o bbtain4d-g efa Whitepavedel. Siverobtained
particles were found to be monodispersed spherical fine particles through observation by SEM. A
refractive mdeéx bEthefine particles nwas measuretchynadippirg method; ard eonseguently the
refractive index was 1.54. The particles were observed by a cross-sectional transmission electron
microscopyh(@ EM); aihd conseqeentyit was yerifieerthat thesparticle sdrave-a single straeture therein.
[0098] <Silicone Fine Particles 3> A 1-liter four-necked round flask was equipped with a stirrer, a
thermometerp axeflux tube and a dropping funnel, 600 g of an aqueous sodium hydroxide solution with
a pH of 12.5 (25C) was put in the flask, and the temperature of the aqueous solution was raised in an
oil bath while stirring &t 300+pR: Afteribeadtemnal temperaiuee reached ROLC, Gfhg f ajnixture (23
mol% 77 mol%) of methyltrimethoxysilane and phenyltrimethoxysilane was added dropwise from a
dropping fuppeliowes 20,minutes: Atercantinuing m@a%@ﬁalmg@ﬁg@q@rgﬁ@e@@m%tss at that
temperature, 16.5 g of a 10% aqueous acetic acid solution was added as a neutralizing agent, stirred

and mixed, andthendiltered . 300,ml.0f water wasadded triceta narticles produced gp afilter, 200 ml

of methanol was added once to the particles and filtered, and the particles were washed. A cake on

the filter wastaken oyt ang dried a 128G far 2 hoursdo ghtain. 15,0,0f a.white pawder, The obtained

particles were found to be monodispersed spherical fine “particles through observation by SEN. A

refractive gpl(%noé ihe fine partiglga was measyred byp gipggrp metg o d %%ntseequenjflé/ the
refractive index was 1.54. The particles were observed by a cross-sectiona ¥ransmission electron
microsco ,.and consequently it was verified that the particles have a single structure therein.
[0099] <Sili orJiEecg\?:)Ynzeeg/cr%iocPe%s% = o A 2-Iiter{f8ur-neckedp rga%ta?l%sk was eqsﬁﬁgé:dl \(fv?tij a stirrer, a
thermome(t)g:r aanrgflwituspel%rédsa dro%ping fl%nnel, 2L Qg 2.%% ammonia water was put in the flask, and
the temperat%re SFthe dmmoniawater was raised i an oir bath while stirring at 300 rpm. After the
internal teﬁboﬁgwre reached 50C, 200 g of a mixture (23 mol% : 77 mol%) of methyltrimethoxysilane
and phenyitri oxysilane was added dropwise from a dropping funnel over 30 minutes. After
continuing to stir the resulting mixture for 60 minutes at that temperature, about 5 g of acetic acid
(special grade chéhitals) whs ddtfed PEREFERGThixed, FFthSR el 800 M of Wtk was added
twice to particles produced on a filter, 200 ml of methanol was added once to the particles and filtered,
and the paiticies Weié washaa A Take BRAAS Fifter Wals taKERDUY ZHSUh IR d5As ‘didl fréeze-dried
over 10 hours to obtain 80 g of a white powder. The obtained particles were found to be
monodisp&rsédirsphetie 8iine paricl@s TRrotbh o Bseivationssy: SEMeAefracvslaextdfthe fine
particles was measured by a dipping method, and consequently the refractive index was 1.54. The
particles vieta Bbseikertsy & brbssisettionabtransmissiondledtisiriricréscopy (FEME arel
consequently it was verified that the particles have a single structure therein. [0100] <Silicone Fine
Particles 51 di@ dditercfbonriecketrousd fasiewss equippetwith dStiper, witherampmeter, a reflux
tube and a dropping funnel, 600 g of an aqueous sodium hydroxide solution with a pH of 12.5 (25C)
was put incthe flask,land whe témpenature of dkeaaguedus-sdlutonoids faised i an Dildath while
stirring at 200 rpm. After the internal temperature reached 50C, 60 g of a mixture (23 mol% 77 mol%)
of methylttimethoxysilanezand: pienylirinethpxysitahe avasiadded dkepwisedtom:a deappiag funnel
over 20 minutes. After continuing to stir the resulting mixture for 30 minutes at that temperature, 16.5 g
of a 10% agiepusacetic acit-selution was added-asia neutralizing agent, stirred and mixed, and then
filtered. 300 ml of water was added thrice to particles produced on a filter, 200 ml of methanol was
added oncgptosthe particles and filtered, and the particles

Any of a synthetic polymer and a natural polymer can be
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were washed. A cake on the filter was taken out, and dried at 150C for 2 hours to obtain 10 g of a
white powder. The obtained particles were found to be monodispersed spherical fine particles through
observation by SEN. A refractive index of the fine particles was measured by a dipping method, and
consequently the refractive index was 1.52. The particles were observed by a cross-sectional
transmission electron microscopy (TEM), and consequently it was verified that the particles have a
single structure therein. [0101] <Silicone Fine Particles 6> A 2-liter four-necked round flask was
equipped with a stirrer, a thermometer, a reflux tube and a dropping funnel, 2 L of 2.5% ammonia
water contsiRfify) EBprattt poREtHEimedifléd BRGETed sYKI3B" 8§ a Suffdctaft whs pat id the flask,
and the temperature of the ammonia water was raised in an oil bath while stirring at 300 rpm. After the
internal teripé&raturaréabied BoEy 208 g e mefhiyiiiathoxysianewas agddéd drepwiseifom a
dropping funnel over 30 minutes. After continuing to stir the resulting mixture for 60 minutes at that
temperatureh gbeatls §ot acetic asid(speciat gratde.ciemicalel was std¢ed, stifred and fised, and
then filtered. 600 ml of water was added twice to particles produced on a filter, 200 ml of methanol was
added oncegtertheipartivles and filtéred] and the particlés werg Washed L Adake orthk filter was taken
out, pounded down, and freeze-dried over 10 hours to obtain 60 g of a white powder. The obtained
particles weigoundito be medriodispersed sphericaldmeyparticles dhirpugh obsensationthy SEN. A
refractive index of the fine particles was measured by a dipping method, and consequently the
refractive ingetiwas df46 dihienpatdicleswererobsetdetbby aing agent to a starting
cross-sectionaltransmissionelectronmicroscopy (TEN), and consequently it was verified that the
particles havexa single strugtute therein: j0102] < Silicane hine Rartiglesi iz a o 2iliterfour-necked
round flask was equipped with a stirrer, a thermometer, a reflux tube and a dropping funnel, 2 L of
2.5% ammenigpuater cgniaiving dopRoos pelyether-madifiedsiloxanec8YK333nasa gudactant was
put in the flask, and the temperature of the ammonia water was raised in an oil bath while stirring at
300 rpm. Aftes the internaldiempgsatute feachead:-506, 400 §Of RINixIdre {25-A0l%; F2;mel%b) of
methyltrimethoxysilane and phenyltrimethoxysilane was added dropwise from a dropping funnel over

30 minutes, Aftef coRUNUINgO-Str thesesulting,mixture for, 60 minyies af that femperatyre; about 5 g

of acetic acid (special grade chemicals) was added, stirred and mixed, and then filtered. 600 ml of

water was added twice ta particles produced.pn.a filter, 200 ml of methanolwas added onge to the

particles and filtered, and the particles were washed. A cake on the filter was taken out, pounded

down, and freeze-dried over 1. t ain 6 f hi r. btai particles were
found to betﬁgn%%%%rg?%e gp g%é%%ﬁ%é) %%rt?c é%%%oga\% é%)%é%?\/wa%%nh&/be[s%ﬁ?%?g%%%ge index of
the fine paticles was measured by a diping. method and sansequently the Jefractive Jndex was 1.52.
The particlés wére Gbserve by a cros _Sectional ransmission efectron microscopy , and
consequentlx it was verifig% that E{gd%artic es have aﬁin le structure therein. 010%;1 <Si|ilcone Fine
Particles 85" 2R fitét fourhacked réund fias lvc\:/as‘esg)uelﬁfpseldl wiftPa Stirrer, athermometer, a reflux
tube and a dropping funnel, 2 L of 2.5% ammonia water containing 1 ppm of polyether-modified
siloxane "31R333 2R shifactant Was Bt in the'ffaskPard théPteriperdidre o the dmmiohia water was
raised in an oil bath while stirring at 300 rpm. After the internal temperature reached 50C, 200 g of a

mixture (80-Mol6=RhoRb) BF Aty IfiméthdxySiRnelaiy ph methBRYsifane WS BBbed

dropwise from a dropping funnel over 30 minutes. After . .
of the polymeric dispersing agent iswithin this range, cohesion

between the particles hardly takes place.
[0055]

An organic substituent contained in the silicone fine
particles preferably includes amethyl group and a phenyl group,
and a refractive index of the silicone fine particles can be

adjusted by adjusting the contents of these substituents. When
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continuing to stir the resulting mixture for 60 minutes at that temperature, about 5 g of acetic acid
(special grade chemicals) was added, stirred and mixed, and then filtrated. 600 ml of water was added
twice to particles produced on a filter, 200 ml of methanol was added once to the particles and filtered,
and the particles were washed. A cake on the filter was taken out, pounded down, and freeze-dried
over 10 hours to obtain 60 g of a white powder. The obtained particles were found to be
monodispersed spherical fine particles through observation by SEM. A refractive index of the fine
particles was measured by a dipping method, and consequently the refractive index was 1.57. The
particles werglobserreti By aldré8si38ctidifal Transaission efsctropemictoscopy @ EM) e
consequently it was verified that the particles have a single structure therein. [01041 (Example 1)
Using a 30 il pdljetmylend edritaifar, U794 by Weight of0E-6830.A/B1 (marufaciured by Dow
Corning Toray Co., Ltd.) as a silicone resin and 53% by weight of "NYAG-02" (manufactured by
Intematix Cofperaton:tYAG-bdséd phbdphes doptdanith 02, spebificagravity: 48 géom3.eD50: 7 gm) as
a phosphor were mixed. [0105] Thereafter, the resultant was stirred and deaerated at 1000 rpm for 20
minutes by usiiy apldnetaty:duixerdéderatorMAZERUST AR KK=400"i{(manufastured by KURABO
INDUSTRIES LTD.) to obtain a resin solution for preparing a sheet. The resin solution for preparing a
sheet wastapplied dihtotGerdpesl” Blk (habatactuned by Teray Advaneed him:Caioltd) by use of a
slit die coater, heated at 130C for 2 hours, and dried to obtain a phosphor sheet having an average
thickness o200 pemt Theteafier: hepbaspbar sheat was eutinto-small pieces dypapsguare by a
dicing apparatus. Moreover, a die bonding paste "EN-4900GC" (manufactured by Hitachi Chemical

Co., Ltd.) wasappied:0nto thehosphor shegteuldnto,smal] pigces, and-thap the phesphor sheet was
arranged and attached in such a way that the sheet surface having the die bonding paste applied

thereon is:braugih inte-gontagkwitmacchiprsudace ota sybstrate-hawng.a flin.chip type blue LED chip

1 mm square mounted thereon. The resulting sheet was heated at 100C for 1 minute on a hot plate to

cure the diexhancing pastedf-5030/E: (menufachyedly Dow Coring Tprax.6g, i was used
as an encapsulation material for encapsulating the sheet toobtain a light emitting device (Fig. 1). The
above-ment; [ [ r e-gbtained light emitting device and
consequ:‘r%g Lﬁ;%dht%%s%?e%g |on?ﬁ?°§/;\()§,§v%}5%éoos/ro@§tr?}dg 1%(? r'e]gglt v?/ﬁi%h ad n%rf)zro I]Eef%r}?sf n practical
use was abtained (Table.1). er, the above-mentioned, heat resistance test was performed and
consequgd.riflé| rigﬁtr?eg)sgssréteﬁ#éhqll£(§g v}{/agjsio %%#:,lla‘ﬁ% %’1%%%%1 r%séuﬁ%lasrgé[%?n%vd\' C’IE a?bjrél 1) . [0106]
(Example 1gitg %)ahEﬁgct pel; tSlheeCe% iThiClEanHGCSiSS- at t%ac;h resin was prepare and evaluated by
following thé same Opetations as in Example T excépt foP changitiy the SReEThiSkneLE 5 values
shown in T%ble 1. The results are shown in Table 1. It was found from these Examples that when the
sheet thickn§ss & 206 i Tes< 1§ &%giﬁaetog ﬁ)éjfsﬂ%ngeoSSIﬁHﬁtsﬁeE?s‘fé’néé ZT668 heat
resistance simulfaneously. [0107] (Examples 5 to 10) -Effect of Phosphor Content- Each phosphor
sheet was pfepardd ahd evBREEEEyABHoifg thé SR dperaliohs BEiR EXaRTRS 8Rckpt for
changing the phosphor content to values shown in Table 1. The results are shown in Table 1. Both of
the light réSISEHCEXRENERE tRE Fdit reSRthhed teSIeHdweW gooarE8ukS, BAE Fadegady in the heat
resistance test, very good results were obtained. It was found from these Examples that when the
content of{é)BFiééphor is 57 weight% or more of the entire sheet, the phosphor sheet is more excellent

in light resistance, and when the content is 60 weight% or more of the entire sheet, the
Measurement of the refractive index is performed using

an Abbe refractometer, a Pulfrich refractometer, a dipping
refractometer, a dipping method, or a minimum deviation angle
method. However, the Abbe refractometer is useful inmeasuring
the refractive index of the silicone composition, and the
dipping method is useful in measuring the refractive index of

the silicone particles.
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phosphor sheet is particularly excellent in light resistance. [0108] (Example 11) -Change of Silicone
Resin- A phosphor sheet was prepared and evaluated by following the same operations as in
Example 5 except for changing the silicone resin to "OE-6336 A/B" (manufactured by Dow Corning
Toray Co., Ltd.). The results are shown in Table 1. The light resistance test showed the result which
had no problems in practical use, and the heat resistance test showed a very good result. [0109]
(Example 12) -Change of Silicone Resin- A phosphor sheet was prepared and evaluated by
following the same operations as in Example 8 except for changing the silicone resin to "DE-6336 A/B"
(manufactu&@@?ﬂ/ Dow Corning Toray Co., Ltd.). The results are shown in Table 1. Both of the light
resistance test and the heat resistance test showed very good results. [0110] (Comparative Examples
1 to 4) Each pA&sphdr shedt was pidpared 4Ad égalugted byfolle®ing theisemelopkrations as in
Example 1 except for changing the phosphor content and the sheet thickness, respectively, to values
shown in Tablef2 rFife fediilts afesisowa irt-Tigble Pa Fathaight resistdrice test sHoveed aa nadequate
result. [0111] (Example 13) -Change of Inorganic Phosphor- A phosphor sheet was prepared and
evaluated by following thedstine spérations astintExdmple:8 exceptifor thanging-thelinorganic
phosphor to "R6634" (manufactured by Intematix Corporation: nitride-based phosphor, specific gravity:
3.0 g/cm3, DE0: 715 5 44m) . vEhe resuttstarershowrein. Tables3. Both didhedightpdsistanteitest and the
heat resistance test showed very good results. (Example 14) -Change of Inorganic Phosphor- A
phosphor sheet Wakeprepared aadrevaluated byefolewingtbe sadwexoperatienstas ih Example 8 except
for changing the inorganic phosphor to "G2060" (manufactured by Intematix Corporation:
silicate-basethphaspher dapednwith iy, spedific gravityid. kglemda D501 455 limhdhe 1gsults are
shown in Table 3. Both of the light resistance test and the heat resistance test showed very good
results. methyltrialkoxysilane and phenyltrialkoxysilane, and

increasing the constituent ratic of the methyl group, and on
the contrary, it is possible to obtain a relatively high
refractive index by increasing the constituent ratic of the
phenyl group.

[0058]

In the present invention, an average particle size of the
silicone fine particles ig represented by a median size (D50},
and with respect to a lower limit of the average particle size,
the average particle size 1is preferably 0.01 um or more, and
more preferably 0.05 um or more. Further, with respect to an
upper limit of the average particle size, the average particie
size is preferably 2.0 um or less, and more preferably 1.0 um
or less. When the average particle size is 0.0l pum or more,
it is easy tomanufacture particles having a controlledparticle

size, and when the average particle size is 2.0 um or less,
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[0112] (Example 15) -Change of Inorganic Phosphor- A phosphor sheet was prepared and evaluated
by following the same operations as in Example 8 except for changing the inorganic phosphor to
"EY4254" (manufactured by Intematix Corporation: silicate-based phosphor doped with Eu, specific
gravity: 4.71 g/cm3, D50: 15.5 pm). The results are shown in Table 3. Both of the light resistance test
and the heat resistance test showed very good results. [0113] (Examples 16 to 19) -Change of
Blue LED Chip and Effect of Phosphor Content- Each phosphor sheet was prepared by following
the same operations as in Example 1 except for changing the phosphor content and the sheet
thickness, Fespé&étivelly FoRrflesShofh in- &bl B oamd then tHeesrepartd plidsihok Shget was cut
into small pieces 1 mm square by a dicing apparatus. Moreover, a die bonding paste "EN-4270K2"
(manufactliveth by Hitathe Chamical €04 dadpawds applied entd thé pAdsphor sheet-eutintd small
pieces, and then the phosphor sheet was arranged and attached in such a way that the sheet surface
having theZdie pondimg baste, appledtheeseon sthroughtinta:gontaet Withveathip suyfacé of a substrate
having a face up type blue LED chip 1 mm square mounted thereon. The resulting sheet was heated
at 100C forelsrinutecori.d hot platerto Turé the die bopdingrdaste sI1GE6630 AR yimamifactured by
Dow Corning Toray Co., Ltd.) was used as an encapsulation material for encapsulating the sheet to
obtain a light-eémittiag device {Figr2). Theahoveanentioneddight fesistaricettestanrg heatresistance
test were performed on the obtained light emitting device, and the results of the tests are shown in
Table 3. Ifaltphasphersheets Botizetithe light resistancertest mndribe heatnesistanea dest showed
the results which had no problems in practical use or better results than this, and particularly in the
heat resistaneeitest ery gpoehresults were abtained. Biwvas fountd from these: Bxamples ¢hat when the
content of a phosphor is 57 weight% or more of the entire sheet, the phosphor sheet is more excellent

in light resistance; and whenithe sentert is 60 weigh®o.0r more of thesentiresheet, the-phosphor sheet
is particularly excellent in light resistance. [0114] (Examples 20 to 23) -Change of Blue LED Chip

and EffectofRhegpher-cantent on Bagh phasphogsheet was prapared by follawing the same

operations as in Example 1 except for changing the phosphor content and the sheet thickness,

respectively-dosialucs shown.n: fahie 2, abdhjben the piepared,phospnal sheetwas o into smal
pieces 1 mm square by a dicing apparatus. Moreover, a die bonding paste "EN-4270K2"

(manufactyl ' ,Chemical_ C : S ied. onto.the phosphor sheet cut into small
pieces, artléld{ f#e?lxti%l p %ébh(%rrgfegt gs%%%r%aédsagi% a??gchgg JI% gugf?% W%I)J}Iht\ﬁztathjévs%eet surface
having the gizec%%ntdin %%ste apPIi%(IJIn thcerg%ons %alirfgght igto cocq%gtswithea Sc_thi EEsulrfac%\ oé a substrate
having a face up type e LED cﬁlp 1 mm square méuﬁteﬁ%ﬁereon. ThE rési ting Sheet Was heated
at 100C for 1 minLite on.a hotxgla%e t%c%r.e the i% bond(i:pqD aste. "OE-6630 A/B" (ma Lﬁ%ctured by
Dow Cornﬁ)nagrrl'(l)FayeCal, ﬁd.?wsasrulse%l as’ gn%nc%ﬁgﬁatio rﬁné?t%ﬁglrfjo?%ntgﬁg@lgﬁn% e sheet to
obtain a light emitting devi %gt:i . 3). The above-mentioned light resistance test and heat resistance
test were Erf%?ﬁga%]rﬂﬁ§ a%n figRleftfifigtievice AP thdiredults Jfthé B8 shown in
Table 3. In all phosphor sheets, both of the light resistance test and the heat resistance test showed
the resultswhich fad APEroBIEMS i prectical Ysé br beteprFedine Ranthise SRdpHrfc@arly in the
heat resistance test, very good results were obtained. It was found from these Examples that when the
content o BhESIhG1a8 B éightos Brihofc of theshtireé RficBE e pheSphdrateet 7€ fmore excellent
in light resistance, and when the content is 60 weight% or more of the entire sheet, the phosphor sheet
is particul&fy- 8%célfartim ight PESStAREE. f1a8F containing silicone particles,

a creoss—section of the sheet i1z observed by SEM to determine
a particle size distribution of the silicone fine particles,
and a particle size at which the cumulative percent passing from
the smaller particle-size side in the volume based particle size
distributicn obtained by measuring reaches 50% is determined

as a median size D50, Also in this case, as with the phosphor
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(Comparative Examples 5to 7) Each phosphor sheet was prepared and evaluated by following
the same operations as in Example 1 except for changing the inorganic phosphor, the phosphor
content and the sheet thickness, respectively, to inorganic phosphors and values shown in Table 4.
The results are shown in Table 4. Each light resistance test showed an inadequate result. [0116]
(Comparative Example 8) A light emitting device was prepared and evaluated by following the
same operations as in Example 16 except for changing the phosphor content and the sheet thickness,
respectively, to values shown in Table 4. Theresultsare shown in Table 4. Each light resistance test
showed anfiRadeéGueaie resulte [0 17} ECSmparahive Exambiee)ot  Wfight ehidittivriedeliceawas
prepared and evaluated by following the same operations as in Example 20 except for changing the
phosphor dohtdritaksthéediriet iiekhéss respectively Loaihses Shom mrPalsle 2 Theadsults are
shown in Table 4. The heat resistance test showed a good result, but the light resistance test showed
an inadequafe tesulkh {GLI8) cEffeeesf SHlicorecRgticlesdoment--Examiple 24ape awgsinga 300 ml
polyethylene container, 39.8% by weight of "0 6630 A/B" (manufactured by Dow Corning Toray Co.,
Ltd., refractive indexel 58) as asilicoriciresin 66% By Weightof 5K YAG-02" (manufacturert by
Intematix Corporation: YAG-based phosphor doped with Ce, specific gravity: 4.8 g/cm3) as a
phosphor, aad 0iZ:parts byaveight of Silicone Fine Particles 1 were mixed. [0119] Thereafter, the
resulting mixture was stirred and deaerated at 1000 rpm for 20 minutes by using a planetary
mixer/deaer&tos SMAZERUSTAR KK-400" (manufactured by KURABO INDUSTRIES LTD.) to obtain a
sheet solution. The sheet solution was applied onto "Cerapeel” ELK (manufactured by Toray

Advanced Film Corhid}dytuseroba slit4lie coatesnheatesabk30C fare2 hoursrame depd $o obtain a
phosphor sheet having an average thickness of about 100 p.m. A cross-section of the obtained

phosphor sheet wag, ohsenved:by SkM: ayesage maricle.sizes (050} of therhospher-anghthe silicone
fine particles were determined from the resulting SEM images, consequently, the average particle size
of the phospherparticles,was: pom and1 00 parts by weight of the silicone resin.

Also, the ceontent of the silicone fine particles is preferably

20 parts by weight or less, andmore preferably 10 parts by weight

or less with respect to 100 parts by weight of the silicone resin.

When the phosphor sheet contains the silicone fine particles

in an amount of 1 part by weight or more, the particularly

excellent effect of stabilizing phosphor dispersion is achieved,

and cn the other hand, when the phosphor sheet contains the

silicone fine particles in an amount of 20 parts by weight or

less, viscosity of a silicone composition is not excessively

incressed.

[0C60]

It 1s a more preferable embodiment of the present

invention that the content of the phosphor particles in the

phosphor sheet containing a silicone resin, a phosphor and
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the average particle size of the silicone fine particles was 0.5 Rm. [0120] The obtained phosphor
sheet was cut into a sheet 110 mm square, and a thickness was measured at 100 points spaced every
10 mm starting from a point 5 mm distance from an end. The results are shown in Table 5. [0121]
(Examples 25 to 29) Each phosphor sheet was prepared in the same manner as in Example 24
except for varying a blending ratio of the Silicone Fine Particles 1 as shown in Table 5, and
measurement of a cross-section by SEM and thickness measurement were conducted. The results are
shown in Table 5. [0122] (Example 30) A phosphor sheet was prepared in the same manner as in
Example Zidiceptforfiotadding-thelsiicone fine partigles and measurementef a&ortossesection by
SEM and thickness measurement were conducted. The results are shown in Table 5. [0123]
ExamplesidcterdOoare exeelient ifi tckness emiformity tineE xaimple 130rin pdich thessilicone fine
particles were not added, discharging from a slit of a slit die coater was unstable and thickness
variation wassratherdarges [0224ht % -Effectsiof PaiticlenSize and:Compositigioof Silighae Fine
Particles- (Examples 31 to 37)

or more of the entire phosphor sheet. Also, an upper limit of

the content of the phosphor particles is not particularly

limited, but the content is preferably 95 weight% or less, more

preferably 90 weight% or less, furthermore preferably 85

weight? or less, and particularly preferably 80 weight% or less

of the entire phosphor sheet.

[0061]

Moreover, the contents which are common to the phosphor
sheet in general of the present invention will be described
below.

[0062]

The thickness of the phosphor sheet of the present
invention refers to a thickness (average thickness) measured
according to JIS K 7130 {1999) "Plastics - Film and sheeting
- Determination of thickness by mechanical scanning (A)",
Further, the thickness is expressed by a value obtained by
rounding a number below the tens unless otherwlse specified.

[0063]

The envircnment of tThe LED is an environment in which a

large amount of heat 1is generated in a small space, and
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Each phosphor sheet was prepared in the same manner as in Example 24 except for using the same
blending ratio of the silicone resin, the phosphor and the silicone fine particles as in Example 27 and
varying a type of the silicone fine particles as shown in Table 6. Measurement of a cross-section by
SEM and measurement of thickness variation of the obtained phosphor sheet were conducted, and
each phosphor sheet was mounted on a blue LED together with the phosphor sheet obtained in
Example 27, and correlated color temperature variation and brightness variation at the time of lighting
up the LED were measured and evaluated. The results are shown in Table 6. [0125] (Examples 30,
38)  WHRRFdshebt frEXamplé B8 iRdMfch the Siicdnemiepatitios Wersngeadded 4ra Example
38 in which silica fine particles ("Admafine" 50-52 manufactured by Admatechs Co., Ltd) were added
in place of &fficePRFinebarficles® Mﬂ@éﬁ%@soél%%?h@ﬁﬁb@éhéﬁsﬁééﬁwdsbp’reﬁja?éd and
measurement of a cross-section by SEM and evaluations of thickness variation, correlated color
temperaturesaFistipncdio- baghaiedshaitiationweleconductedolh Exanple IFirrwhichetie silicone
fine particles were not added, not only the thickness variation but also the correlated color temperature
~ variation and theeibigistness vasiation were fdrgerthdrothoséssf Exanples 27earak 81 td 87 Further, in
Example 38 in which silica fine particles were added, the thickness variation and the correlated color
temperatureivariatidr faviorably coniparéd svith theseof Examples@7,and 3hto:=37 irawhich the
silicone fine particles were added, but brightness variation was larger than those of Examples 27 and
31 to 37. Teaereadamiohthis is pedlrahiy thatlighbecatteting by the sidica fing particle®e the silicone
resin is larger than that by the silicone fine particles in the silicone resin. [0126] (Examples 39 to 42)
Each phospliorsheet sras-preparedctindhe samermanser as ingExample:- 24 €xceptfenusing the same
material as in Example 27 and varying the content of the phosphor. The content of the Silicone Fine
Particles | was adjusted ise-aster e {dayeighi%e-ok the totalrweight-ekthe silisengesinang the silicone
fine particles.With respect to Examples 27 and 39 to 42, measurement of a cross-section by SEM and
evaluations ptthicknessoariationg cerelaied calartemperatwenatiation-and brightnesgs,variation were
conducted, and the light resistance and the heat resistance were evaluated with brightness retention.

The results; are shpwpdn Jiablesf, 40127},  Allsamples exhibited small variationsand.excellent

properties, and Examples 27, 39, 40 and 42 exhibited excellent light resistance and excellent heat

resistance.xample dl was abedt adeuel o1 no preblers g practical use th ightigsistance and

heat resistance. |[Examplé 121

variation is preferably within a range of plus or minus 5%, and
more preferablywithin a range of plus orminus 3%. In addition,
the sheet thickness variation referred to herein is determined
by measuring a thickness according to JIS K 7130 (1999)
"Plastics - Film and sheeting - Determination of thickness by
mechanical scanning (A)", and calculating from the following
eguation.
[0064]

More specifically, using measurement conditions of
"Determination of thickness by mechanical scanning (A)", a.
thickness is measured with a commercially available micrometer

such as a contact type thickness measurement apparatus, a
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difference between a maximum value or a minimum value and the
average thickness of the resulting thickness is calculataed, and
_a.ratio expressed in percentage of the calculated value divided
by the average thickness is a thickness wvariation B (%).
[0065]

Thickness variation B (%) = {{maximum thickness
deviation* - average thickness)/average thickness} x 100
* As a maximum thickness deviation, of the differences in
the thickness between the maximum value and the average value,
and between the minimum value and the average value, a larger
difference is selected.

[00686]

(Preparation Method of Sheet)

A method for pfeparing a phosphor sheet of the present
invention will be described. In addition, the following
description is just an example, and the method for preparing
a phosphor sheet is not limited to this. First, a solution in
which a phosphor is dispersed in a resin (hersinafter, reférred
to ag a "resin scluticn for preparing a sheet") is prepared as
a coating solution for forming a sheet. The resin sclution for
preparing a sheet is obtained by mixing a phosphor and a resin
in an appropriate solvent. In the case of using an addition

reaction type silicone resin, a curing reaction canbe initiated
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even at room temperature 1f a compound containing an alkenyl
group coupled with a silicon atom is mixed with a compound
containing a hydrogen atom coupled with a silicon atom. Then,
a hydrosilylation retarder such as an acetylene compound can
also be further compounded with the resin soclution for preparing
a sheet to extend a pot life. It 1s also possible fto mix a
dispersing agent or a leveling agent for stabilizing a coating
film as an additive, or an adhesion aid such as a silane coupling
agent as a meodifier of a sheet surface in the resin solution
for preparing a sheet. Further, it is alsc possible to mix
siliccone fine particles or other inorganic particles such as
silica or alumina in the resin solution for preparing a sheet.
[0067]

When it is necessary te add a solvent in order to adiust
viscosity, a type of the sclvent is not particularly limited
as long as it can adjust the wviscosity of a fluent resin.
Examples of the solvent include toluene, methyl ethyl ketone,
methyl iscbutyl ketone, hexane, heptane, cyclohexane, acetone,
terpineol, butyl carbiteol, butyl carbitol acetate, glyme,
diglyme and the like.

[0068]
These cdmponents are blended so as to have a predetermined

composition, and then the resulting mixture is uniformly
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mixed/dispersed with a mixer/kneader such as a homogenizer, a
rotation-revolution mixer, a 3-roll mill, a ball mill, a
planetary‘gall mill or a beads mill to cbtzin a resin solution
for preparing a sheet. After mixing/dispersing, or in the
process of mixing/dispersing, deaeration is also preferably
performed in a vacuum or under a reduced pressure.

[0069]

Next, the resin solution for preparing a sheet is applied
onto a substrate, and dried., The applicatiocn can be performed
byusing a reverse roll coater, a blade coater, a slit die coater,
a direct gravure coater, an offset gravure coater, a reverse
roll coater, a blade coater, a kiss coater, screen printing,
a natural roll coater, an air knife coater, a roll blade coater,
a baribar roll blade coater, a two stream coater, a rod coater,
a wire bar coater, a coating applicator, a dip coater, a curtain
coater, a spin coater, a knife coater, In crdexr to achieve
uniformity of the thickness of the sheet, the resin solution
for preparing a sheet is preferably applied with a slit die
coater. Further, the phosphor sheet of the present invention
can also be prepared by using a printing method such as screen
printing, gravure printing, plancgraphic printing or the like.
Particularly, screen printing is preferably used.

[G070]
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As the substrate to be used for preparation of a sheet,
knownmetal, £ilm, glass, ceramic, paper or the like can be used.
Specific examples of the substrate include a plate or a foil
of metal such as aluminum {including aluminum alloy}, zinc,
copper and iron; a filmmade of plastic such as cellulose acetate,
polyethylene terephthalate (PET), polyethylene, polyester,
polvyamide, polyimide, polystyrene, polypropylene,
polycarbonate, polyvinyl acetal, aramid and polyphenylene
sulfide; and paper having plastic (polyethylene, polypropylens,
polystyrene, or the like) laminated thereon cr paper coated with
plastic (polyethylene, polypropylene, polystyrene, or the
like), paper or a plastic £film having the above-mentioned metal
laminated thereon or vapor-deposited thereon. Among these
materials, a PET £ilm is preferred from the viewpoint of
economic efficiency and handling. When an elevated
temperature is required in curing a resin, a polyimide film is
preferred from the viewpolnt of heat resistance. The substrate
may be previocusly subjected to release treatment of a surface
for ease of releasing a sheet. Further, when the substrate is
a metal plate, the plate surface may be subjected to chrome-
or nickel-plating or ceramic treatment.

[ee71]

The thickness of the substrate is not particularly
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limited, but a lower limit is preferably 40 pm or more, and more
preferably ©0 um or more. Also, an upper limit is preferably

5000 pm or less, and more preferably 3000 um or less.

(60727

A sheet can be dried by using a common heating apparatus
such as a hot air drier, an infrared drier or the 1ike. A common
heating apparatus such as a hot air drier, an infrared drier
or the like is used for thermally curing the sheet. In this
case, thermally curing i1s usually performed under the
conditions c¢f a temperature of 40 to 250°C and a heating time
of 1 minute to 5 hours, and preferably under the conditions of
a temperature of 100°C to 200°C and a heating time of 2 minutes
to 3 hours.

[0073]

A pressure sensitive adhesive layer may be disposed on
the sheet in corder to enhance the adhesive property to an LED
chip. A material of the pressure sensitive adhesive layer is
not particularly liﬁited4 and examples thereof include common
rubber-based, acrvl-based, urethane-based, and.giiicone—based
pressure sensitive adhesives. Anypressure sensitive adhesive
may?xaused,knﬁ;thesiliconewbasedpressureSensitiveadhesive
is useful as a pressure sensitive adhesive suitable for heat

resistance, an insulating property and transparency.
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[0074]

The protective £ilm may be disposed on the sheet., A
material of the protective film is not particularly limited,
and examples thereof include a film made of plastic such as
celliulose acetate, polyethylena terephthalate (PET),
polyethylene, polyester, polvamide, polyimide, polystyrene,
polyprepylene, polycarbonate, polyvinyl acetal, aramid and
polyphenylene sulfide; and paper having plastic {polyethylene,
polypropylene, polystyrene, and the like) laminated thereon or
paper coated with plastic (polyethylene, polypropy;ene,
polystyrene, or the like), and paper or a plastic film having
the above-mentioned metal laminated thereon or vapor~deposited
thereon. Further, the protective f£ilm may be subjected to
releasing treatment by a known zrelease agent such as a
silicone—basedrelaaseagentoﬁezfluorine—basedreleageagent.
[GC75]

An LED chip t§ which the phosphor sheet of the present
invention can be applied includes a face up type LED chip and
a f£lip chip type LED chip, and particularly preferable one ig
a flip chip type LED chip. The flip chip type LED chip has high
luminous efficacy and a high heat-releasing property.
Accordingly, it becomes easy To prepare a high-power LED having

excellent light resistance for general l1ighting uses by
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employing the phosphor sheet of the present invention.
00767

A method for manufacturing an LED light emitting device
by using the phosphor sheet of the present invention will be
described. In addition, the following description is just an
example, and the manufacturing methed is not limited to this
description. When the phosphor sheet of the present invention
is applied to the flip chip type LED chip, first, the phosphor
sheet is formed into a small chip in conformity to a size of
the LED chip. Formation into a small chip can be performed by
dicing. When the phosphor sheet has a protective film, the
phosphor sheet may be formed into a small chip after peeling
the protective film, or may be formed into a small chip together
with the protective film.

[COT77]

Next, after peeling a protective film 1f having the
protective film, the sheet formed into a small chip is bonded
to a surface (ocutcoupling surface) on the Side opposite to the
surface having an electrode formed thereon of the LED chip. At
this time, the phosphor sheet may be in a semi-cured state or
may be previcusly cured. It is preferred to use an adhesive
in bonding phosphor sheet, and known die bonding agents or

adhesives, such as acrylic resin-based, epoxy resin-based,
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urethane resin~based, silicone resin-based, modified silicone
resin-based, phenol resin-based, polyimide-based, polyvinyl
alcdhol~based, polymethacrylate resin-based, melamine
resin-based and urea resin-based adhesives, can be used. When
the phosphor sheet has a pressure sensitive adhesive, the
phosphor shéet may use the pressure sensitive adhesive for
bonding. When the phosphor sheet is a semi~cured sheet, curing
by heating may be employed. Further, when the phosphor sheet
has a thermosoftening property after curing, the phosphor sheet
can also be bonded by thermal fusion bonding.

[0078]

Thereafter, an electrode of the LED chip ig electrically
connected to a wire of a circuit board by a known method, and
thus a light emitting device can be attained. When the LED chip
has an electrode on a side of a2 light emitting surface side,
the LED chip is fixed to the circuit beoard by a die bondihg
material with the light emitting surface faced upward, and then
the electrode on the top surface of the LED chip is connected
to the wire of the circuit board by wire bonding. Further, when
the LED chip is a f£lip chip type in which an electrode pad is
disposed on the surface oppesite to the 1ight emitting surface,
an electrode surface of the LED chip is opposed to the wire of

the circuit board and connected to the wire by gang bonding.
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[C0791

When the phosphor sheet is bonded to the LED chip in a
semi-cured state, the semi-cured phosphor sheet can be cured
at apreferred timing befcre or after this electrical connection.
For example, when the flip chip type LED chip is bonded by
thermoc;mpression bonding in bonding the LED chip by gang
bonding, the phosphor sheet may be simultaneously cured by this
heating. Further, when a package, in which the LED chip is
connected to the circuit board, is surface mounted on a larger
circuit board, by sclder reflow, the phosphor sheet may be cured
concurrently with soldering.

EOQSO]

When the phesphor sheet is bonded to the LED chip in a
cured state, it is not necessary to provide a curing process
after bonding the sheet to the LED chip. The case where the
phosphor sheet is bonded to the LED chip in a cured state
corresponds to the case where a cured phosphor sheet has an
adhesive layer separately or the case where the phosphor sheet
‘has thermal adhesiveness after curing.

[0081]

The phosphor sheet may also serve as an encapsulation

material of the LED chip, and the LED chip having the phosphor

sheet bonded thereto can also be further encapsulated by using
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a known silicone resin as a transparent encapsulationmaterial.
Further, after the LED chip is encapsulated with a transparent
encapsulation material, the phosphor sheet can also be bonded
to the encapsulation material for use.
[0082]

When the phosphor sheet is applied to the face up type
LED chip, as with the above-mentioned description, the phosphor
sheet 1s formed into a small chip; and then the phosphcr sheet
formed into a small chip is bonded to an ocutcoupling surface
of the LED qhip. When the phosphor sheet is in a semi-cured
state, the sheet is cured after bonding the sheet. Here, in
the face up type LED chip, at least one electrode is formed on
the outcoupling surface, énd.electrical continuity is chbtained
from the electrode by wire bonding as described Ilater.
Therefore, the phosphor sheet is bonded in such a way that at
least apart of the electrode is exposed. As amatter of course,
the phosphor sheet may be bonded,to'only an outcoupling part.
In this case, the phosphor sheet can be patterned so as to expose
a part of the electrode.
10083]

Thereafter, the surface opposlte to the outcoupling
surface of the LED chip is fixed to the circuit board, and the

LED chip is electrically connected to the circuit board by a
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known method such as wire bonding, and thus a light emitting
device can be obtained.
[0084]

As other modification example, a phosphor gheet formed
into a small chip may be bonded to the LED chip mounted on a
substrate. On the contrary, aplurality of LED chips are bonded
to the phosphor sheet, and then the sheet may bé cut into small
chips for every LED chip with a sheet by dicing the LED chip.
Further, a phosphor sheet not formed into a small chip is bonded
to a semiconductor wafer on which LED chips are made, and then
the semiconductor wafer and the phosphor sheet can also be
colliectively singulated {(diced).
(00851

A light emitting device, to which an LED chip obtained
by using the phosphor sheet of the present invention can be
applied, is not particularly limited, and it can be widely
applied to backlights for displays used for TV set, persocnal
computer, mcbile phone, game machine, and the like, lighting
in automotive applications such as headlight, and general
lighting.
[Examples]
[008ge]

Hereinafter, the present invention will be described in
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more detall by way of examples. However, the present invention
is not limited to these examples.
(00871

<Measurement of Average Parficie Size>

Average particle sizes of synthesized silicone fine
particles and purchased phosphor particles were determined by
measuring a cross-sgection of a sample of each phosphor sheet
by a scanning electron microscope {(SEM) and calculating the
measured image. The cross—~section of the phosphor sheet was
observed with a scanning electron microscope (high resclution
field emission scanning electron microscope 5-4800
manufactured by Hitachi High-Technologies Corporation). The
observed image was processed and analyzed by using an analysis
software (Image version 6.2) to determine a particle diameter
distribution. A particle size at which the cumulative percent
passing from the smaller particie-size side in the particle
diameter distribution reaches 50% was determined as a median
size D50,
(6088l

<Measurement of Correlated Color Temperature and
Brightness, and Light Resistance Test>

An electric current of 400 mA was applied to a light

emitting device in which each phosphor sheet was mcunted cn a
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blue LED element to light up an LED chip, and a correlated color
temperature and brightness were measured immediately éfter
starting a test using an instantaneous multiple photometric
system (MCPD-3000, manufactured by Otsuka Electronics Co.,
Ltd.). One hundred LED light emitting devices were prepared
for every one kind of each phosphor sheet, an average value,
a maximum value and a minimum value of the 100 devices were
determined, and variations were calculated and evaluated from
the fcllowing formulas,

[0089]

Correlated color temperature variation (K) = correlated
color temperature maximumdeviation* — average correlated color
temperature
* Ag a correlated color temperature maximum deviation, of
the differences in the correlated color temperature between the
maximum value and the average value, and betwesn the minimum

value and the average value, a larger difference is selected.

[0090]

Brightness variétion (cd/m?) = brightness maximum
deviation* - average brightness
* As a brightness maximum deviation, of the differences in

the brightrness between the maximum value and the average value,

and between the minimum value and the averadge value, a largsr
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difference is selected.
[0091]

Thereafter, each light emitting device Qas left standing
with the LED chip lit, brightness after a lapse of 300 hours
was measured in the same manner, and brightness retention was
calculated from the following formula to rate light resistance
according to the following criteria. This indicates that when
the brightness retention is higher, the light resistance is more
excellent. A device rated as rank B or higher has no problems
in practical use, and a device rated as rank A is superior in
practical use.

[0092]
Bright retention I (%} = (brightness after a lapse of 300

hours/brightness immediately after start of test) x 100

(rounding off the first decimal place)

Sz retention 95% or more - very good in light resgistance
A: retention 90 to 94% ~ good light resistance
B: retention 80 to 89% - no problem in practical use with

light resistance

C: retention 50 to 79% - bad light resistance
D: retention 49% or less - significantly bad light
resistance

<Heat Resistance Test>
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An electric current was applied to a light emitting device
using each phesphor sheet so that a surface temperature of an
LED is room temperature (25°C) to 170°C to 1ight up an LED chip,
and brightness was measured using an instantaneous multiple
photometric system (MCPD-3000, manufactured by Otsuka
Electronics Co., Ltd.}). The brightness was measured when the
LED surface temperature was room temperature {25°C) and 170°C,
and brightness retention was calculated from the following
formula to rate heat resistance according to the following
criteria. This indicates that when the brightness retentiocn
is higher, the heat resistance is more excellent. A device
rated as rank B or higher has no problems in practical use, and
a device rated as rank A is superior in practical use.
[00393]

Bright retention II (%) = (brightness at surface
temperature of 170°C /brightness at surface temperature of room
temperature (25°C)) x 100

(rounding off the first decimal place)

S retention 20% or more ~ very good in heat resistance
A retention 81 to 89% - good heat resistance
B: retention 51 to 80% - no problem in practical use with

heat resistance

C: retention 50% or less - bad heat resistance
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[0094]

<Measurement of Thickness>

A thickness of a predetermined position of a mold release
PET film ("Cerapeel” BLK: manufactured by Toray Advanced Film
Co., Ltd.) for preparing a phosphor sheet was previously
measured with a micrometer, and the position was marked. After
preparing the phosphor sheet, the thickness of the marked
position was measured againwith amicrometer, and the thickness
of the pheosphor sheet was obtained by subtracting the thickness
0f the mold release PET film previcusly measured from the
resulting thickness. The thickness was measured at 100 points
located at grid point spaced 10 mm apart in a sheet 110 mm square
as a.sample to determine a maximum value, a minimum value and
an average value of each sample, and a thickness variation B
was calculated using the following formula.
[0085]

Thickness wvariation B {8} = {(maximum thickness
deviation* - average thickness)/average thickness} x 100
* As a maximum thickness deviation, of the differences in
the thickness between the maximum value and the average value,
and between the minimum value and the average value, a larger
difference.is selected.

[CC%S6]
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(Synthesis <f Silicone Fing Particles)

<5ilicone Fine Particles 1>

A Z-liter four-necked round flask was equipped with a
stirrer, a thermometer, a reflux tube and a dropping funnel,
2Lof 2.5% ammonia water containing 1 ppm of polyether-modified
siloxane "BYK333" as a surfactant was put in the flask, and the
temperature of the ammonia water was raised in an oil bath while
stiﬁring at 300 fpma After the internal temperature reached
50°C, 200 g of a mixture (23 mol% : 77 mol%) of
methyltrimethoxysilane and phenyltrimethoxysilane was added
dropwise from a dropping funnel over 30 minutes. After
continuing to stir the resulting mixture for 60 minutes at that
temperature, about 5 g of acetic acid (special grade chemicals)
was added, stirred andmixed, and then filtered. &00ml of water
was added twice to particles producedlon a filter, 200 ml of
methanol was added once to the particles and filtered, and the
particles were washed. A cake on the filter was taken out,
pounded down, and freeze-dried over 10 hours to cbtain 60 g of
a white powder. The obtained particles were found to be
monodispersed spherical fine particles through cbhservation by
SEM. A refractive index of the fine particles was measured by
a dippingmethod, and consequently the refractive indexwas 1.54.

The particles were cbserved by a cross-sectional transmission
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electron microsceopy (TEM), and consequently it was verified
that the particles have a single structure therein.
[0097]

<8ilicone Fine Particles 2>

L 2-liter four-necked round flask was eqguipped with a
stirrer, a thermometer, a reflux tube and a drepping funnel,
2 Lof 2.5% ammonia water containing 7 ppm of polyether-modified
sileoxane "BYK333" as a surfactént was put in the flask, and a
temperature of the ammonia water was raised in an ¢0il bath while
stirring at 300 rpm. After the internal temperature reached
50°C, 200 g of a mixture (23 mol% : 77 mol%) of
methyltrimethoxysilane and phenyltrimethoxysilane was added
dropwise from a dropping funnel over 30 minutes. After
continuing to stir the resulting mixture for 60 minutes at that
temperature, about 5 g of acetic acid {(special grade chemicals)
wag added, stirred andmixed, and then filtered. 600ml of water
was added twice to particles produced on a filter, 200 ml of
methanol was added once to the particles and filtered, and the
particles were washed. A cake on the filter was taken out,
pounded down, and freeze-dried over 10 hours to obtain 40 g of
a white powder. The obtained particles were found to be
menodispersed spherical fine particles through,obéervation by

SEM. A refractive index of the fine particles was measured by
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adipping method, and consequently the refractive indexwas 1.54.
The particles were observed by & cross-sectional transmission
electron microsceopy (TEM), and consequently it was verified
that the particles have a single structure therein.
[0098]

<Silicone Fine Particles 3>

A 1;liter four¥necked round flask was eguipped with a
stirrer, a thermometer, a reflux tube and a dropping funnel,
600 g of an agueous sodium hydroxide sclution with a pH of 12.5
(25°C) was put in the fiask, and the temperature of the aqueous
solution was raised in an oil bath while stirring at 300 rpm.
After the internal temperature reached 50°C, 60 g of a mixture
(23 mol% : 77 mol%) of methyltrimethoxysilane and
phenyltrimethoxysilane was added dropwise from a dropping
funnel over 20 minutes. After continuing to stir the resulting
mixture for 30 minutes at that temperature, 16.5 g of a 10%
agqueous acetic acld solution was added as a neutralizing agent,
stirred and mixed, and then filtered. 300 ml of water was added
thrice to particles preduced on a filter, 200 mi of methanol
was added once to the particles and filtered, and the particles
were wéshed. A cake on the filter was taken out, and dried at
150°C for 2 hours to obtain 15 g of a white powder. The ébtained

particles were found to be monodispersed spherical fine
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particles through observation by SEM. A refractive index of
the fine particles was measured by a dipping method, and
consequently the refractive indexwas 1.54. The particles were
observed by a cross-sectional transmission electronmicroscopy
(TEM), and consequently it was verified that the particles have
a single structure therein.
[0099]

<Silicone Fine Particles 4>

A Z-liter four-necked round flask was equipped with a
stirrer, a thermometer, a reflux tube and a dropping funnel,
2 L of 2.5% ammonia water was put in the flask, and the
temperature of the ammonila water was raised in an oil bath while
stirring at 300 rpm. After the internal temperature reached
50°C, 200 g of a mixture (23 mol% 77 mol$) of
methyltrimethoxysilane and phenyltrimethoxysilane was added
dropwise from a dropping funnel over 30 minutes. After
continuing to gtir the resulting mixture for 60 minutes at that
temperature, about 5 g of acetic acid (special grade chemicals)
was added, stirred andmixed, and then filtered. 600ml of water
was added twice to particlies produced on a filter, 200 mi of
methanol was added once to the particles and filtered, and the
particles were washed. A cake on the filter was taken out,

pounded down, and freeze-~dried over 10 hours to obtain 80 g of
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a white powder. The obtained particlies were found to be
monodispersed spherical fine particles through observation by
SEM. A refractive index cf the fine particles was measured by
adippingmethod, and consequently the refractive indexwas 1.54.
The particles were observed by a cross-secticnal transmission
electron microscopy (TEM), and consequently it was verified
that the particles have a single structure therein.
[0100]

<Silicone Fine Particles 5>

A 1~liter four-necked round flask was equippéd with a
stirrer, a thermometer, a reflux tube and a dropping funnel,
€00 g of an aguecus sodium hydroxide sclution with a pH of 12.5
(25°C) was put in the flask, and the temperature of the agueous
solution was raised in an oil bath while stirring at 200 rpm.
After the internal temperature reached 50°C, 60 g of a mixture
(23 mol% : 77 mol%) of methylirimethoxysilane and
phenyltrimethoxysilane was added dropwise from a dropping
funnel over 20 minutes. After continuing to stir the resulting
mixture for 30 minutes at that temperature, 16.5 g of a 10%
aqueocus acetic acid solution was added as a neutralizing agent,
stirred and mixed, and then filtered. 300 ml of water was added
thrice to particles preoduced on a filter, 200 ml of methanol

was added once to the particles and filtered, and the particles
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were washed. A cake on the filter was taken out, and dried at
150°C for 2 hours to obtain 10 g of a white powder. The obtained
particles were found to be monodispersed spherical fine
particles through observation by SEM. A refractive index of
ﬁhe fine particles was measured by & dipping method, and
consequently the refractive indexwas 1.52. The particles were
observed by a cross—-sectional transmission electron microscopy
(TEM), and conseguently it was verified that the particles have
a single structure therein.
[0101]

<8ilicone Fine Particles 6>

A 2~liter four-necked round flask was equipped.with a
stirrer, a thermometer, a reflux tube and a dropping funnel,
2L of 2.5% ammonia water containing 1 ppm of polyether-modified
siloxane "BYK333" as a surfactant was put in the flask, and the
temperature of the ammeonia water was raised in an cil bath while
stirring at 300 rpm. After the internal temperature reached
50°C, 200 g of methyltrimethoxysilane was added dropwise from
a dropping funnel over 30 minutes. After continuing to stir
the_resultingznixture for 60 minutes at that temperature, about
5 g of acetic acid {special grade chemicals) was added, stirred
and mixed, and then filtered. 600 ml of water was added twice

to particles produced on a filter, 200 ml of methanol was added
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once to the particles and filtered, and the particles were
washed. A cake on the filter was taken out, pounded down, and
freeze-dried over 10 hours to obtain 60 g of a white powder.
The obtainedparticles were found to be monodispersed spherical
fine particles through cbservation by SEM. A refractive index
of the fine particles was measured by a dipping method, and
consequently the refractive indexwas 1.46. Theparticles were
observed by a cross-sectional transmission electron microscopy
(TEM} , and censequently it was verified that the particles have
a single structure therein.
01027

<Siliccne Fine Particles 7>

A Z2-liter four-necked round flask was equipped with a
stirrer, a thermometer, a reflux tube and a dropping funnel,
2IJOfZ.S%ammoniawatercontaining].ppmcﬁfpolyetherwmodified
siloxane "BYK333" as a surfactant was put in the flask, and the
temperature of the ammonia water was raised in an oll bath while
stirring at 300 rpm. After the internal temperature reached
50°C, 200 g of a mixture (25 mwol% : 75 mel%) of
methyltrimethoxysilane and phenyltrimethoxysilane was added
drepwise from a dropping funnel over 30 minutes, After
continuing to stir the resulting mixture for 60 minutes at that

temperature, about 5 g of acetic acid (special grade chemicals)
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was added, stirred andmixed, and then filtered. 600ml of water
was added twice to particles produced on a filter, 200 ml of
methanol was added once to the particles and filtered, agd the
particles were washed. A cake on the filter was taken éut,
pounded down, and freeze-dried over 10 hours to Obtain 60 g of
a white powder. The obtained parﬁicies were found to be
monodispersed spherical fine particles through cbservation by
SEM., A refractive index of the fine particles was measured by
a dipping method, and conseguently the refractive indexwas 1.52.
The particles were observed by a cross-secticnal transmission
electron microscopy (TEM), and consequently it was verified
that the particles have a single structure therein.
[0103]

<Siliccne Fine Particles 8>

A Z-liter four-necked round flask was equipped with a
gstirrer, a thermometer, a reflux tube and a drepping funnel,
ZIJof2.5%ammoniawatercontaining]vpgnofpolyéther—modified
siloxane "BYK333" as a2 surfactant was put in the flask, and the
temperature of the ammonia water was raised in an oil bath while
stirring at 300 rpm. After the internal temperature reached
K0°C, 200 g of a mixture (80 mol% : 20 mol%) of
methyltrimethoxysilane and phenyltrimethoxysilane was added

dropwise from a dropping funnel over 30 minutes. Rfter
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continuing to stir the resulting mixture for 60 minutes at that
Temperature, about 5> g of acetic acid (special grade chemicals)
was added, stirred and mixed, and then filtrated. 600 ml of
water was added twice to particles preoduced on a filter, 200
ml of methanol was added conce to the particles and filtered,
and the particles were washed. A cake on the filter was taken
out, pounded down, and freeze-dried over 10 hours to cbtain &0
g of a white powder. The obtained particles were found to be
monodispersed spherical fine particles through observation by
SEM. A refractive index of the fine particles was measured by
a dippingmethod, and consequently the refractive indexwas 1.57.
The particles were observed by a cross-sectional transmission
electron microscopy (TEM), and conseguently it was verified
that the particles have a single structure therein.

[0104]

{Example 1}

Using a 300 ml polyethylene container, 47% by weight of
"OE-663C A/B" (manufactured by Dow Corning Toray Co., Ltd.) as
a silicone resin and 53% by weight of "NYAG-02" {manufactured
by Intematix Corporation: YAG-bhased phosphor.doped with Ce,
specific gravity: 4.8 g/cn’, D50: 7 um) as a phosphor were mixed.
[G105]

Thereafter, the resultant was stirred and deaerated at
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1000 rpm for 20 minutes by using a planetary mixer/deaerator
"MAZERUSTAR KK-400" (manufactured by KURABO INDUSTRIES LTD.)
to c¢btain a resin solution for preparing a sheet. The resin
solution for preparing a sheet was applied onto "Cerapeel” BLK
(manufactured by Toray Advanced Film Co., Ltd.) by use of a slit
die coater, heated at 130°C for 2 hours, and driéd to obtain

a phosphor sheet having an average thickness of 200 pm.

Thereafter, the phosphor sheet was cut into small pieces 1 mm
sguare by a dicing apparatus. Moreover, a die bonding paste
TEN-4900GCY {manufactured by Hitachi Chemical Cec., Ltd.)} was
applied onto the phosphor sheet cut into small pieces, and then
the phospﬁor sheet was arranged and attached in such a way that
the sheet surface having the die bonding paste applied thereon
igs brought into contact with a chip surface of a substrate having
a flip chip type blue LED chip 1 mm square mounted therecn. The
resulting sheet was heated at 100°C for I minute on a hot plate
to cure the die bonding paste. "0E-6630 A/B" (manufactured by
Dow Corniz}g Toray Co., Ltd.} was used as an encapsulation
material for encapsulating the sheet To obtain a Iight emitting
device (Fig. 1). The above-mentioned light resistance test was
performed on the obtained light emitting device and
conséquently brightness retention I (%) was 88%, and the result

which had no problems in practical use was obtained (Table 1).
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Further, the above-mentioned heat resistance test was performed
:andcomsequentlybrightnessretentionﬁﬁi(%)wasBB%,enmiagood
result was obtained (Table 1).

[0106]

(Examples 2 to 4) -HEffect of Shéet Thickness—

Each resin was prépafed and evaluated by following the
same operaticns as in Example 1 except for changing the sheet
thickness to values shown in Table 1. The results are shown
in Table 1. It was found from these Examples that when the sheet
thickness is 200 ym or less, it is possible to pursue good light
resistance and good heat resistance simultaneously.

[0107]

(Examples 5 to 10) =Effect of Phosphor Content-

Fach phosphor sheet was prepared and evaluated by
following the same operations as in Example 1 except for
changing the phosphor content to values shown in Table 1. The
results are shown in Table 1. Both of the light resistance test
and the heat resistance test showed good results, and
particularly in the heat resistance test, very good results were
cbtained. It was fcund from these Examples that when the
content of a phosphor is 57 weight% or more of the entire sheet,
the phosphor sheet is more excellent in light resistance, and

when the content is 60 welght$% or more of the entire sheet, the
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phosphor sheet is particularly excellent in light resistance.
[0108]

(Example 11) -Change of Silicone Resin-

A phosphor sheet was prepared and evaluated by following
the same operations as in Example 5 except for changing the
silicone resin to "OE~6336 A/B" (manufactured by Dow Corning
Toray Co., Ltd.}). The results are shown in Table 1. The light
regsistance test showed the result which had no problems in
practical use, and the heat resistance test showed a very good
result.

[0109]

(Example 12) ~Change of Silicone Resin-

A phesphor sheet was prepared and evaluated by following
the same operations as in Example 8 except for éhanging the
silicone resin to "OE-6336 A/B" (manufactured by Dow Corning
Toray Co., Ltd.). The results are shown in Table 1. Both of
the light resistance test and the heat resistance test showed
very good results.

[0110}

(Comparative Examples 1 to 4)

Each phosphor sheet was prepared and evaluated by
following the same operations as in Example 1 except for

changing the phosphor content and the sheet thickness,
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respectively, to values shown in Table 2. The results are shown
in Table 2. Each light resistance test showed an inadeguate
result,
0111}

(Example 13) -Change of Inorganic Phosphor-

A phosphor sheet was prepared and evaluated by following
the same operations as in Example 8 except for changing the
inorganic phosphor to "R6634" (manufactured by Intematix
Corporation: nitride-based phosphor, specific gravity: 3.0
g/cm@, D50: 15.5 pum). The results are shown in Table 3. Both
of the light resistance test and the heat resistance test showed
very good results.

(Example 14) ~-Change of Inorganic Phosphor-

A phosphor sheet was prepared and evaluated by following
the same cperaticons as iﬁ Example B except for changing the
inorganic phosphor to "G2060" (manufactured by Intematix
Corporation: silicate-based phosphor doped with Eu, specific
gravity: 5.1 g/cm®, D50: 15.5 pm) . The results are shown in
Table 3. Both of the light resistance ftest and the heat
resistance test showed very good results.

[0112]
{Example 10) -Change of Inorganic Phosphor-

A phosphor sheet was prepared and evaluated by following
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~the same operations as in Example 8 except for changing the
inorganic phosphor to "EY4254" (manufactured by Intematix
Corporation: silicate-based phosphor doped with Eu, specific
gravity: 4.71 g/cm3, D50: 15.5 um). The results are shown in
Table 3. Both of the light resistance test and the heat
resistance test showed very good results.
[G113]

(Examples 16 to 19) -Change of Blue LED Chip and Effect
of Phosphor Content-

Each phosphor sheet was prepared by following the same
operations as in Example 1 except for changing the phosphor
content and the sheet thicknessf respectively, to values shown
in Table 3, and then the prepared phosphor sheef was cut into
small pieces 1 mm square by a dicing apparatus. Moreover, a
die bonding paste "EN~4270K2" {manufactured by Hitachi Chemical
Co., Ltd.) was applied onto the phosphor sheet cut into small
pieces, and then the phosphor sheet was arranged and attached
in such a way that the sheet surface having the die bonding paste
applied thereon is brought into contact with a chip surface of
a substrate having a face up type blue LED chip 1 mm sguare
mounted thereon. The resulting sheet was heated at 100°C for
1 minute on a hot plate to cure the die bonding paste. "OFE-6630

A/B" {(manufactured by Dow Corning Toray Co., Ltd.) was used as
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an encapsulationmaterial for encapsulating the sheet to obtain
a light emitting device (Fig. 2). The above-mentioned light
resistance test and heat resistance test were performed on the
obtained light emitting device, and the results of the tests
are shown in Table 3. 1In all phosphor sheets, both of the light
resistance test and the heat resistance test showed the results
which had no problems in practical use or better results than
this, and particularly in the heat resistance test, very good
results were cobtained. It was found from these Examples that
when the content of a phosphor 1s 57 weight% or more of the entire
sheet, the phosphor sheet ismore excellent in light resistance,
and when the content is 60 weight$ or more of the entire sheet,
the phosphor sheet 1is particularly excellent in light
resistance.

[0114]

(Examples 20 to Z23) -Change of Blue LED Chip and Effect
of Phosphor Content-

Each phosphor sheet was prepared by following the same
operations as in Example 1 except for changing the phosphor
content and the sheet thickness, respectively, to values shown
in Table 3, and then the prepared phosphor sheet was cut into
small pieces 1 mm square by a dicing apparatus. Moreover, a

die bonding paste "EN-4270K2" {(manufactured by Hitachi Chemical
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Co., Ltd.) was applied onto the phosphor shéet gut into smali
pieces, and then the phosphor sheet was arranged and attached
in such a way that the sheet surface having the die bonding paste
applied therecn is brought into contact with a chip surface of
a substrate having a face up type blue LED chip 1 mm sguare
mounted théreon. The resulting sheet was heated at 100°C for
I minute on a hot plate to cure the die bonding paste. "CE-6630
A/B" {(manufactured by Dow Corning Toray Co., Ltd.) was used as
an encapsulationmaterial for encapsulating the sheet tc obtain
a light emitting device (Fig. 3). The above-mentioned light
resistance test and heat resistance test were paerformed on the
obtained light emitting device, and the results of the tests
are shown in Table 3. In all phosphor sheets, both of the light
resistance test and the heat resistance test showed the results
which had no problems in practical use or better results than
this, and particularly in the heat resistance test, very good
results were obtained. It was found from these Examples that
when the content of a phosphor 1s 57 welght% or more of the entire
sheet, the phosphor sheet ismore excellent in light resistance,
and when the content is 60 weight$% or more of the entire sheet,
the phosphor sheet is particularly excellent 1in 1light
resistance.

[0115]
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(Comparative Examples 5 to 7)

Each phosphor sheet was prepared and evaluated by
following the same operations as in Example 1 except for
changing the inorganic phosphor, the phosphor content and the
sheet thickness, respectively, to inorganic phosphors and
values shown in Table 4. The results are shown in Table 4. Each
light resistance test showed an inadeguate result.

10116}

(Comparative Example &)

A light emitting device was prepared and evaluated by
following the same operations as in Example 16 except for
changing the phosphor content and the sheet thickness,
respectively, to values shown in Table 4, The results are shown
in Table 4. Each light resistance test showed an inadequafe
result.

[0117]

(Comparative Example 9)

A light emitting device was prepared and evaluated by
following the same operations as in Example 20 except for
changing the phospher content and the sheet thickness,
respectively, to values shown in Table 4. The results are shown
in Takle 4. The heat resistance test showed a good result, but

the light resistance test showed an inadequate result.
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(01181

-Effect of Silicone Particle Content-

{Example 24

Using a 300 ml polyethylene container, 39.8% by weight
of "OE-€630 A/B" (manufactured by Dow Corning Toray Co., Ltd.,
refractive index 1.53) as a silicone resin, 60% by weight of
"NYAG-02" {manufactured by Intematix Corporation: YAG-based
prhosphor doped with Ce, specific gravity: 4.8 g/cm’®y as a
phosphor, and 0.2 parts by weight of Silicone Fine Particlés
1 were mixed.

[0119]

Thereafter, the resulting mixture was stirred and
deaerated at 1000 rpm for 20 minutes by using a planetary
mixer/deaerator "MAZERUSTAR KK-400" (manufactured by KURABO
INDUSTRIES 17D.) toobtain a sheet solution. Theshéetsolution
was applied onto "Cerapeel™ BLK (manufactured by Toray Advanced
Film Co., Ltd.) by use of a slit die coater, heated at 130°C
for 2 hours, and dried toc obtain a phosphor sheet having an
average thickness of about 1060 pum. A cross-section of the
obtained phosphor sheet was observed by SEM, average particle
sizes (D50} of the phosphor and the silicone fine particles were
determined from the resulting SEM images, conseqguently, the

average particle size of the phosphor particles was 7 um and
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the average particle size of the silicone fine particles was
0.5 pm.
(0120}

The obtained phosphor sheet was cut into a sheet 110 mm
square, and a thickness was measured at 100 points spaced every
10 mm starting from a point 5 mm distance from an end; The
results are shown in Table 5.

[(0121]

(Examples 25 to 29)

Each phosphor sheet was prepared in the same manner as
in Example 24 except for varying a blending ratio of the Silicone
Fine Particles 1 as shown in Table 5, and measurement of a
cross-section by SEM and thickness measurement were conducted.
The results are shown in Table 5.

[0122]

(BExample 30)

A phosphor sheet was prepared in the same manner as in
Example 24 except for not adding the silicone fine particles,
and measurement of a cross—-section by SEM and thickness
measurement were conducted. The results are shown in Takle 5.
01231

Examples 24 to 29 are excellent in thickness uniformity.

In Example 30 inwhich the silicone fine particles were not added,
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discharging from a slit of a slit die coater was unstable and
thickness variation was rather large.
01247

~Effects of Particle Size and Composition of Silicone
Fine Particleg-

{Examples 31 to 37)

Each phosphor sheet was prepared in the same mannsr as
in Example 24 except for using the same blending ratio of the
silicoﬁe resin, the phosphor and the silicone fine particles
as in Example 27 and varying a type of the silicone fine particles
as shown in Table 6. Measurement of a cross—-section by SEM and
measurement of thickness variation of the obtained phosphor
sheet were conducted, and each phosphor sheet was mounted on
a blue LED together with the phosphor sheet obtained in Example
27, and correlated color temperature variation and brightness
variation at the time of lighting up the LED were measured and
evaluated. The results are shown in Table 6.

[0125]

(Examples 30, 38)

With respect to Example 30 in which the silicone fine
particles were not added and Example 38 in which silica fine
particles {"Admafine"” 50-EZ manufacturedby Admatechs Co., Ltd)

wereaddedinp&aceofsﬁjiconefineparticles,asvdthEMamples
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31 to 37, a phosphor sheet was prepared, and measurement of a
cross-section by SEM and evaluations of thickness variation,
correlated color temperature variation and brightness
variation were conducted. In Example 30 in which the silicone
fine particles were not added, not only the thickness variation
but also the correlated color temperature variation and the
brightness variation were larger than those of Examples 27 and
31 te 37. Further, in Example 38 in which silica fine particles
were added, the tThickness variation and the correlated color
temperature variation faverably compared with those of Examples
27 and 31 to 37 in which the silicone fine particles were added,
but brightness variation was larger than those of Examples 27
and 31 to 37. The reason for this i1s probably that light
scattering by the silica fine particles in the silicone resin
is larger than that by the silicone fine particles in the
silicone resin.

[0126]

(Examples 39 to 42)

Each phosphor sheet was prepared in the same manner as
in Example 24 except for using the same material as in Example
27 and varying the content of the phosphor. The content of the
Silicene Fine Particles 1 was adjusted so as to be 10 weight$

of the total weight of the silicone resin and the silicone fine
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particles. With respect to Examples 27 and 39 to 42,
measurement of a cross-section by SEM and evaluatioﬁs of
thickness variation, correlated color temperature variation
and brightness wvariation were conducted, and the light
resistance and the heat resistance were evaluated with
brightness retention. The results are shown in Table 7.
[0127]

All samples exhibited small wvariations and‘excellent
properties, and Examples 27, 39, 40 and 42 exhibited excellent
light resistance and excellent heat resistance. Example 41 was
also at a level of no problems in practical use with 1light

resistance and heat resistance.
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Silicone Resin (refractive index 1.53) (weight%) Phosphor (YAG) (weight%) tH a) 41 in ri refractive
index 1.46 refractive index 1.52 Irefractive index 1.57 refractive index 1.46 Average Particle Size of
Silicone Fine Particles or Silica Fine Particles (nn) Thickness Variation of Phosphor Sheet (%)

[C123]
[Table 21
Comparative | Comparative | Comparative Comparative
Example 1 Example 2 Example 3 Example 4
o Type OE-6630A/B OCE~6630L/B OE-6630A/B OE-6630A/B
Silicone .
Resin Amount 50
{(weight$) 0 50 70
Type NYRAG-02 NYAG-02 NYAG-02 NYAG-02
Phosphor
Amount
N -
(weights) 50 30 50 36
Sheet Thickness (um) 200 200 50 50
Type of Blue LED flip chip flip chip flip chip flip chip
Brightness 75 . -
Retention-I 0 25 7 45
Light Resistance C 3] C D
Brightness 83
Retention-IT 83 20 90
Heat Resistance Y A S g
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5 (weight%) Silicone Fine Particles 6 (weight%) Silicone Fine Particles 7 (weight%) Silicone Fine
Particles 8 (weight%) Silica Fine Particles (weight%)

[0135]

Brightness (md/m2)

Reference Signs List

[0131]
[Takle 4]
Comparative|Comparative|Comparative ComparétiveComparative
Example 5 | Example 6 Example 7 | Example 8 | Example 9
‘ Type CE-6€30A/B | OE-GE630A/B | QE-6630A/B | OR-6630A/B | OE~6630A/B
Silicone :
Resin
Amount
(weights) 50 70 50 50 50
Type EY-4254 EY-4254 EY-4254 NYAG-02 NYAG-02
Phosphor T
Amount
n
(weight§) 50 30 50 50 50
Sheet Thickness
() 200 200 50 50 50
Type of Blue LED flip chip | £1ip chip fiilp ¢hip | face up-I | face up-II
Brightness
Retention-I 70 43 7o & 72
Light Resistance C D C c C
Brightness
Retention~IT Bl g1 20 20 90
Heat Resistance A A 5 5 5
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1phosphor sheet 2LED chip 3electrode 4circuit board 5metal fine wire [CLAIMS] [Claim 1] A
phosphor sheet containing a phosphor and a resin, wherein the content of the phosphor is 53 weight%
or more of the entire sheet. [Claim 2] The phosphor sheet according to claim 1, wherein the
content of the phosphor is 57 weight% or more of the entire sheet. [Claim 3] The phosphor sheet
according to claim 1, wherein the content of the phosphor is 60 weight% or more of the entire sheet.
[Claim 4] The phosphor sheet according to any one of claims 1 to 3, wherein the thickness of the sheet

is 200 pm or less. [Clairi € pnospnpr snget aceordmg 1o EHV’OTTE'OZICCIaims 1 to 3, wherein the
thickness of the sheet ig 100 pm of less| [Claim 6] The phosphor sheet according to any one of claims
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5, wherein the resin is a silicone resin. [Claim 7] The phosphor sheet according to any one of claims 1
to 6, wherein the phosphor is an inorganic phosphor. [Claim 8] A phosphor sheet containing at
least a silicone resin, a phosphor and silicone fine particles. [Claim 9] The phosphor sheet
according to claim B, wherein an average particle size of the silicone fine particles is 0.01 pim or more
and 2 !_im or less. [Claim 10] The phosphor sheet according to claim 8 or 9, wherein the content
of the silicone fine particles is 1 part by weight or more and 20 parts by weight or less with respect to
100 parts by weight of the silicone resin. [Claim 11] The phosphor sheet according to any one of
claims 8 to 10, wherein the silicone fine particles are made of a silicone resin obtained by condensing
organosilane. [Claim 12] The phosphor sheet according to any one of claims 8 to
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11, wherein a difference between a refractive index dl of the silicone fine particles and a refractive
index d2 of the silicone resin is smaller than plus or minus 0.10. [Claim 13] The phosphor sheet
according to any one of claims 1 to 12, wherein the phosphor is particulate and an average particle
size of the phosphor particles is 1 11mormore and 20 1morless. [Claim 14] The phosphor sheet
according to any one of claims 6 and 8 to 13, wherein the silicone resin is an addition cure silicone
resin formed by hydrosilylation of a compound containing at least an alkenyl group bound to a silicon
atom with ‘a compound containing a hydrogen atom bound to a silicon atom. [Claim 15] The
phosphor sheet according to any one of claims 1 to 14, which is used for covering the surface of an
LED. [Claim 16] A cured product obtained by curing the phosphor sheet according to any one of
claims 1 to 15. [Claim 17] An LED having the phosphor sheet according to any one of claims 1 to
15 or a cured product thereof. [Claim 18] A method for manufacturing an LED comprising a step of
bonding the phosphor sheet according to any one of claims 1 to 15 to an LED chip. [Claim 19] A
method for manufacturing an LED comprising a step of
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bonding the phosphor sheet according to any one of claims 1 to 15 to an LED chip; and a, step of

curing the phosphor sheet. [Claim 20]
claim 17.

Reference Signs List

[0135]

1 phosphor sheet
2 LED chip

3 electrode

4 circuit becard

5 metal fine wire

A light emitting device comprising the LED according to
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[CLAIMS]
[Claim 17

A phosphor sheet containing a phosphor and a resin,
wherein the content of the phosphor is 53 weight% or more of
ﬁhe entire sheet.

[Claim 2]

The phosphor sheet according to claim 1, wherein the
content of the phosphor is 57 weight% or more of the entire sheet.
[Claim 3]

The phosphor sheet according te claim 1, wherein the
content of the phosphor is 60 weight% or more of the entire sheet.
[Claim 4]

The phosphor sheet according to any one of claims 1 to
3, wherein the thickness of the sheet is 200 um or less.
[Claim 5]

The phosphor sheet according to any one of claims 1 to
3, wherein the thickness of the sheet i1s 100 um or less.
[Claim &

The phosphor sheet according to any one of claims 1 to
5, wherein the resin 1s a silicone resin.

[Claim 7]
The phosphor sheet according to any one of claims 1 to

6, wherein the phosphor is an inorganic phosphor.
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[Claim 8]

A phosphor sheet containing at least a silicone resin,
a phosphor and silicone fine particles.

[Claim 2]

The phosphor sheet according to claim 8, wherein an
average particle size of the silicone fine particles is 0.01
Hm or more and Z um or less.

{Claim 10]

The phosphor sheet according to claim 8 or 9, wherein the
content of the silicone fine particles is 1 part by weight or
mere and 20 parts by weight or less with respect to 100 parts
by weight of the silicone resin.

[Claim 11]

The phosphor sheet according to any one of claims 8 to
10, wherein the silicone fine particles are made of a silicone
resin obtained by condensing organosilane.

[Ciaim 12]

The phosphor sheet acccerding to any one of claims 8 to
11, wherein a difference between a refractive index dl of the
silicone fine particles and a refractive index d2 of the
silicone resin is smaller than plus or minus 0.10,

[Claim 13]

The phosphor sheet according to any one cof claims 1 to
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12, wherein the phosphor is particulate and an average particle
size of the phosphor particles is 1 um or more and 20 pm or less,
[Claim 14]

The'phosphor sheet according tc any one of claims 6 and
8 to 13, wherein the silicone resin is an additicn cure silicone
resin formed by hydrosilylation of a compound containing at
least an alkenyl group bound to a silicon atom with a compound
containing a hydrogen étom bound tc a silicon atom.

[Claim 15]

The phosphor sheet according to any one of claims 1 to
14, which is used for covering the surface of an LED.
[Claim 16]

A cured product obtained by curing the phosphor sheet
according to any one of claims 1 to 15.

[Claim 17}

An LED having the phosphor sheet according to any one of
claims 1 to 15 or a cured product thereof.
[Claim 18]

A method for manufacturing an LED comprising a step of
bonding the phosphor sheet according to any cne of claims 1 to
15 to an LED chip.
fClaim 19]

A method for manufacturing an LED comprising a step of
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bonding the phosphor sheet according to any one of claims 1 to
15 to an LED chip: and & step of curing the phosphor sheet.
[Claim 20]

A light emitting device comprising the LED according to

claim 17.
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